LOCKWOOD'S  TECHNICAL  MANUALS 


SB 


ALUMINIU 
REPAIRING 

WILLIAM  H.H. PLATT 


ALUMINIUM  REPAIRING 


LOCKWOOD'S    MANUALS 

TRADE 

Upholstering  and  Cutting  Out.            BITMEAD.  2/6 

Cabinet  Maker's  Guide.                       BITMEAD.  3/6 

Gasfitting  and  Appliances.                   BRIGGS.  6/- 

Brick  and  Tile  Manufacture.                SEARLE.  7/6 

Clock  Repairing  and  Making.              GARRARD.  6/- 

Watch  Repairing  and  Cleaning.         GARRARD.  6/- 

Mechanical  Dentistry.                           HUNTER.  6/- 

Electro-plating.                                     WATT.  5/- 

House  Painting,  Graining,  6-c.           DAVIDSON.  7/6 

Carpentry  and  Joinery.                        TREDGOLD.  6/- 

Roof  Carpentry.                                   COLLINGS.  2/6 

Metal  Plate  Work.                              BARRETT.  3/6 

Builders'  Accounts.                                KEEN.  5;- 

Superficial  Measurement.                     HAWKINS.  4/- 
The  Cotton  Industry  (nearly  ready) .  CRABTREE 
Bacon  Curing.                       „               DA  VIES. 
Electrical  Horology.              „              LANGMAN. 

TECHNICAL 

Engineering  Drawing.                           MALDEN.  8/6 

Engineers'  Screw  Cutting                    PULL.  2/6 

Engineers'  Measuring  Tools.               PULL.  4/6 

Slide  Rule.                                           HOARE.  4/- 

CRAFT-WORK 

Goldsmith's  Handbook.                         GEE.  6/- 

Modern  Fretcutting.                              MAKINSON.  2/6 

ART-WORK 

Illuminating  and  Missal  Painting.        WHITHARD.  6/- 

Letter  Painting  Made  Easy.                BADENOCK.  2/- 

EDUCATIONAL 

Portuguese  Dictionary.                          ELWES.  8/6 

Hebrew  and  English  Dictionary.        BRESLAU.  7/6 

English  and  Hebrew  Dictionary.          BRESLAU.  3/6 

BUSINESS 

Foreign  Commercial  Correspondent.    BAKER.  7/5 

FARM 

Commercial  Poultry  Farming.             TOOVEY.  6/— 

Stockowner's  Veterinary  Aid.              ARCHER.  7/6 

GARDEN 

Culture  of  Pot  Plants.                         DAVIDSON.  5/- 

Vegetable  Culture.                              DAVIDSON.  4/6 

Bees  for  Pleasure  and  Profit.              SAMSON.  3/6 

e£TAe  above  prices  are  net  (postage  extra). 

LONDON:  CROSBY  LOCKWOOD  &  SON 


ALUMINIUM  REPAIRING 


THE  REPAIRING  OF 
AND  CASTINGS  AND  ATTACHING  OF  COP- 
PER, BRASS  AND  STEEL  TO  ALUMINIUM 
BY  TINNING,  SWEATING,  AND  BURNING 
PROCESSES,  WITH  SHEET  IRON  JIGS 
EXPLANATIONS  AND  ILLUSTRATIONS 
SHOWING  THE  METHODS  TO  BE 
ADOPTED  IN  WORKING  THESE  PROCESSES 
UNDER  THEIR  DIFFERENT  HEADINGS 

BY 

WILLIAM  H.   H.   PLATT 


LONDON 

CROSBY    LOCKWOOD    AND    SON 

STATIONERS'   HALL  COURT,   LUDGATE   HILL 

1922 


pBJHTCED  IN  GREAT  BRITAJ*" 


CONTENTS 


COMPOSITION    OF   ALLOYS.. 

TREATMENT  OF   CASTINGS   SUBJECTED  TO  OIL,   GREASE,  ETC. 

TINNING    PROCESS 

BURNING   PROCESS 

TOOLS    REQUIRED    IN    THIS    WORK 

MAKING    OF    JOINTS    IN    SHEET   ALUMINIUM 

CAST   PIPES,    BROKEN    LUGS    AND    THEIR   REPAIR 

REPAIRS    TO    RADIATOR    TOPS   AND    BOTTOMS 

,,  „  STRAIGHT   FLANGES  .  . 

,,  ,,  SIDE    STANDARDS 

.,  „  ,,        STANDARD   ENDS 

,,  GEAR    CASE    ENDS 

SHORTENING   A    CAST   ALUMINIUM   PIPE 
BENDING    TUBE 
SOCKET    JOINTS 

REDUCING    HOLES    FOR    RE-BORING 
REMOVING    OIL,    PAINT,    ETC.,    FROM   ALUMINIUM 
REPAIRING   SAUCEPAN,    COPPER   AND    ALUMINIUM 
WITHDRAWING    STEEL   LINES    FROM   ALUMINIUM    CASTINGS 
INSERTING    BRASS   BUSH    IN   ALUMINIUM    CASTINGS 
GENERAL    REMARKS 


PAGE 
1 

2: 
2 
5 

..  8 
..  16 
..  20 
..  26 
..  32 
..  34 
..  36 
..  40 
..  43 
. .  44 
..  45 
..  48 
..  67 
..  60 
..  64 
..  66 
67 


5630 


ILLUSTRATIONS 


PAGE 
TROWELS   AND    SPATULAS..  ..  ^.  ..  ..7 

JOINTS    IN    SHEET   WORK    .  .                    .  .                    .  .                    .  .  17 

MAKING    AND    FIXING    JIGS    ON    OVAL   FLANGES   FOR   REPAIR         ..  21 

BREAKS    IN   RADIATOR    TOPS,    SIDE    STANDARDS,    GEAR    CASES      .  .  25 

MAKING   AND    FIXING    JIGS    ON   RADIATOR    TOPS    FOR   REPAIR       .  .  29 

STRAIGHT   FLANGE    REPAIRS   AND    JIG                  ..                    ..                    .  .  31 

MAKING   AND    FIXING    JIGS    ON   RADIATOR    SIDE    STANDARDS         .  .  33 

,,                     ,,                       ,,                          „                 ,,      STANDARD    ENDS  37 
,,                      „                        „       OF    GEAR   CASES..                    ..                    ..39 

SHORTENING    CAST   ALUMINIUM   PIPES                 .  .                    .  .                    .  .  41 

SOCKET   AND    FLUSH    JOINTS   AND    TOOLS          .  .                    .  .  41 

REDUCING    HOLES   IN    CASTINGS    TO    BE    RE-BORED                            51    &  53 


vii 


ALUMINIUM  REPAIRING 

Composition  of  Alloys. 

Aluminium 
Tin.          Zinc.     Sheet  Scrap. 

No.  1  Alloy  Sweating  Process    2  1  \ 

Melt  and  run  into  thin  strips  for  use  on  small 
jobs,  tinning,  sweating,  loading  and  filling  of  bolt 
holes,  cracks,  or  breaks,  of  carburettors  and  small 
castings,  and  for  attaching  of  copper,  brass  and  steel 
tube,  sheet  aluminium,  joints  and  attachments,  etc. 

Aluminium  Scrap, 
Tin      Zinc.  Sheet  or  Castings. 

No.  2  Alloy  Burning  Process     2         1  2  to  3 

Melt  in  metal  pot,  in  the  above  proportions,  when 
required  for  use  on  repairs  to  broken  castings,  such 
as  radiator  tops  and  bottoms,  flanges,  side  standards, 
gear  cases,  etc. 

Notes. 

The  composition  of  these  alloys  will  be  found  to 
be  as  cheap  as  any  alloy  used,  and  as  strong  as  any 
casting  already  made.  I  have  used  them  with  great 
success  in  all  work  that  has  come  my  way,  from  a 
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small .dupihmim;  trinket,  a'hd  repairing  an  aluminium 
saucepan  with  a  copper  bottom  to  motor  car  gear 
case,  radiator  repairs,  and  aero  engine  cases  and 
attachments. 

Treatment  of  Castings  subject  to  Oil,  Grease,  etc. 

Before  explaining  my  methods  of  doing  repair 
work  with  such  alloys,  it  will  be  convenient  to 
describe  my  method  of  treating  castings  that  have 
been  subjected  to  lubricating  oil  or  grease  prior 
to  repairs  with  No.  1  and  2  alloys.  I  heat  the  part 
locally  that  has  to  be  repaired,  so  as  to  burn  off 
the  oil  or  grease,  which  leaves  a  brown  or  black 
deposit  (carbon)  on  the  surface  of  the  aluminium. 
After  cooling  off  a  little,  I  then  file  or  scrape  this 
deposit  away  and  thoroughly  clean  and  tin  the 
surface  of  the  joint,  break,  or  around  a  hole,  and 
also  a  small  distance  away  from  the  part.  Care 
must  be  taken  to  get  under  the  film  of  oxide  that 
forms  during  the  application  of  heat  before  one 
commences  to  load  or  fill  up  the  part  under 
repair. 

Tinning  Process. 

(The  tinning  treatment  and  loading  of  surfaces 
of  aluminium  sheet  work  and  castings  to  be  repaired 
with  No.  1  alloy  under  the  sweating  process  is  as 
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follows,  no  flux  being  necessary.)  On  commencing 
the  work  of  tinning  or  sweating  with  the  above 
alloy,  the  parts  are  first  cleaned  with  a  file  end  or 
scraper  to  remove  any  dirt.  The  blowpipe  or  lamp 
that  is  used  is  then  lighted  and  started  up,  care 
being  taken  not  to  use  a  smoky  flame  during  the 
process.  If  the  article  to  be  repaired  is  a  small 
one,  it  can  be  held  in  the  flame  with  a  pair  of  pliers, 
and  a  little  of  the  metal  alloy  strip  is  melted  on  the 
part.  If  it  be  too  big  to  hold  with  the  pliers,  it 
can  be  rested  in  a  convenient  position  on  a  bench 
or  fastened  lightly  in  a  vice.  The  flame  is  played 
lightly  on  the  part  required,  adding  or  melting  a 
small  portion  of  strip  metal  alloy  No.  1.  While 
applying  the  heat  of  the  flame  to  the  article,  any 
suitable  kind  of  scraper  is  used  on  the  small  portion 
of  strip  metal  already  added,  by  lightly  scraping 
and  teasing  the  strip  metal  and  the  parts  to  be 
tinned,  constantly  moving  the  end  of  the  scraper 
over  the  surface  to  remove  the  superficial  coating 
of  oxide  that  forms  during  the  application  of  heat. 
A  small  portion  of  the  strip  alloy  is  added  in  sufficient 
quantity  as  required  for  the  surface  under  repair — 
inside  if  a  hole,  and  a  small  distance  around  on 
either  side,  and  inside  if  a  crack,  as  far  as  the 
scraper  will  enter,  and  in  sheet  work  all  along  the 
edge  before  making  the  joint  (whether  butt,  lap, 
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or  scarfed,  or  chamfered  edge),  to  allow  a  good 
surface  to  be  made  for  more  metal  strip  to  be  added 
as  the  work  progresses.  The  proper  use  of  the 
scraper  is  an  essential  part  of  the  work  of  tinning 
in  laying  the  foundation  for  a  body  of  metal.  The 
constant  light  scraping  and  teasing  with  the  scraper 
end  assists  the  molten  alloy  to  take  and  run,  and 
it  will  be  found  that  this  metal  will  follow  the  scraper 
while  operating  and  at  the  same  time  will  lift  the 
coating  of  oxide  to  be  removed  later.  This  is  applied 
in  all  cases  when  using  No.  1  alloy,  either  on  sheet 
or  castings.  When  the  tinning  process  is  satisfac- 
torily done,  add  more  metal  to  load  up  the  job 
sufficiently,  and  use  a  spatula  or  other  suitable 
instrument  to  dress  the  metal  to  any  curves  or 
shape  required.  The  flame  of  the  lamp  or  blow- 
pipe should  be  lowered  while  loading  up.  The 
lowering  of  the  flame  allows  the  metal  to  get  into 
a  semi-molten  condition,  so  that  it  can  be  moved 
about  much  the  same  as  a  plumber  wipes  a  joint. 
When  there  is  sufficient  metal  on  the  job,  and  it 
has  been  got  to  the  required  shape  or  curves,  the 
flame  can  be  lowered  still  more,  and  the  lamp  or 
blowpipe  placed  at  a  suitable  distance  away  from 
the  article,  to  allow  the  latter  to  cool  gradually  in 
the  heat  from  the  lowered  flame.  Any  film  or 
particles  of  oxide  that  collect  in  patches  before 
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finishing  off  should  ba  removed  by  lightly  and 
quickly  drawing  the  side  edge  of  the  spatula  across 
the  surface  before  it  commences  to  cool.  Care  must 
be  taken  while  conducting  the  work  not  to  leave 
any  beading  of  the  molten  metal  while  tinning  at 
the  outer  edges  of  the  part  treated  either  of  metal 
or  oxide,  and,  to  prevent  this,  scrape  from  the  outer 
edge  the  centre  of  tinned  surfaces,  and  it  will  be 
found  in  loading  up  the  joint  at  the  finish  the  metal 
alloy  will  be  left  clear  and  clean.  Cooling  off  in 
the  heat  from  the  lowered  flame  is  advised,  as  draughts 
or  sudden  cooling  tend  to  cause  a  fracture  in  castings, 
and  also  as  the  metal  cools  shrinkage  takes  place, 
and  more  metal  may  have  to  be  added  before  the 
job  is  allowed  to  cool  off  completely. 


Burning  Process. 

(I  shall  now  explain  the  burning  process  with 
the  use  of  No.  2  alloy.  No  flux  is  required,  and 
no  previous  tinning,  as  in  the  case  of  repairs  with 
No.  1  alloy.)  This  method  is  used  on  larger  jobs, 
for  repairing  broken  castings,  new  parts  or  attach- 
ments to  existing  castings.  With  this  method  jigs, 
preferably  of  sheet  iron,  are  used,  with  the  rein- 
forcement of  parts  with  fireclay,  these  jigs  being 
shaped  according  to  the  work,  and  the  jigs  being 
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washed  with  fireclay  and  water  before  fixing  to  articles 
prior  to  treatment,  to  prevent  the  molten  metal 
from  adhering  to  the  sheet  iron. 

The  operator  should  have  an  open  fire  and  a 
five-pint  blow-lamp,  or  gas  blowpipe  at  his  disposal. 
Sufficient  metal  of  No.  2  alloy  is  put  in  the  melting- 
pot  to  do  the  job,  and  placed  on  the  fire  to  melt. 
The  blowpipe  flame  is  opened  on  the  job  at  the 
edges  where  the  repairs  are  required,  the  flame 
being  directed  downwards  to  melt  the  broken  edge 
of  the  flange  or  other  part ;  and  when  it  is  perceived 
the  edges  are  beginning  to  fall  away  into  the  jig 
in  a  semi-molten  condition,  a  poker  or  rod  is  used 
to  help  it  to  break,  and  a  little  of  the  alloy  is  added 
from  the  pot,  the  two  metals  being  fed  together 
with  the  aid  of  the  poker  end,  and  the  flame  of  the 
lamp  or  blowpipe.  The  alloy  from  the  melting- 
pot  is  then  filled  up  to  the  top  of  the  jig.  The 
molten  metal  is  fed  right  on  the  face  of  the  flange 
or  other  part  with  the  poker  end,  and  when  this 
is  done  from  one  end  of  the  break  to  the  other  end, 
and  you  have  sufficient  metal  over  and  above  the 
surrounding  surfaces,  the  flame  of  the  lamp  or  blow- 
pipe can  be  lowered  and  placed  at  a  little  distance 
away.  The  job  is  allowed  to  cool  down  in  the  heat 
from  the  flame  (which  must  be  directed  towards 
the  job),  and  not  in  the  heat  of  the  flame  itself. 


Trawe/s    or 


PLATE  No.  I. 
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When  the  job  is  cooling  contraction  sets  in,  and  if 
it  has  not  been  properly  loaded  with  metal,  a  little 
metal  strip  of  No.  1  alloy  is  added  to  take  up  shrink- 
age, and  to  save  bringing  the  whole  up  to  melting- 
point  again  with  the  aid  of  the  flame.  Then  the 
job  is  allowed  to  cool  down  gradually;  when  cold, 
the  jig  is  taken  asunder,  and  the  surplus  metal 
dressed  off  with  a  file  or  by  machinery. 

TOOLS    REQUIRED    IN    THIS    WORK. 

Files. 

Rasp  half  round,  dreadnought,  rough  and  smooth 
flat  half  round  and  round,  for  cleaning  up  before 
and  dressing  off  metal  after  finishing.  Also  emery 
cloth. 

Scrapers. 

An  old  file  or  two,  ground  to  suit  end  or  side  job. 

Trowels  or  Spatulas. 

Mild  steel  rod,  about  9"  long,  -f6 "  diameter, 
flattened  out  at  both  ends,  bent  and  ciirved  at  both 
ends  as  per  sketches,  for  use  on  small  jobs  with 
No.  1  alloy  sweating  process.  These  three  types  will 
be  found  very  useful.  Also  a  vice  and  pair  of  pliers. 

(See  PLATE  No.  I.) 
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Pokers. 

Say  two  pieces  of  iron  rod  J"  and  ^"  diameter, 
about  18"  long,  flattened  out  at  one  end,  for  use 
when  running  or  burning  big  jobs  with  No.  2  alloy 
in  the  feeding  of  metal  to  take  up  shrinkage,  the 
length  of  which  saves  the  hands  from  getting  burnt 
while  using  blowpipe  or  lamp. 

Blow -Lamps. 

One  J  pint  and  one  1  pint,  petroleum  or  benzine, 
for  use  on  small  jobs  with  No.  1  alloy,  re-tinning  and 
sweating,  etc.  One  4  or  5  pint  lamp  to  be  used 
on  larger  jobs  with  No.  2  alloy  in  repairing  of  broken 
castings,  new  parts  or  attachments  to  existing  castings, 
as  will  be  mentioned  later  under  Burning  Process 
with  No.  2  alloy. 

Blowpipe  Coal  Gas. 

Where  gas  mains  from  town  supply  and  power 
for  a  blower  or  fan  are  available  in  workshops  under- 
taking aluminium  repairs,  a  blowpipe  will  be  found 
a  great  advantage  in  this  work  for  its  portability, 
lightness  in  handling,  and  regulation  of  the  flame, 
large  or  small,  according  to  the  nature  of  work  under 
repairs. 
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Fires. 

Where  an  open  fire  with  blower  is  available  in  a 
workshop  is  another  advantage,  both  in  drying 
jobs  that  require  fireclay  for  fixing  up  before  treat- 
ment, and  also  for  assisting  in  keeping  jigs  heated 
while  the  article  is  under  treatment  ;  also  for  melting 
alloy  No.  2,  to  be  added  while  burning  on  any  new 
piece  or  portion  required.  These  points  will  be 
explained  under  headings  as  they  occur. 

Chisels. 

The  use  of  large  chisels  for  dressing  off  metal 
are  not  advisable,  small  chisels  with  a  cutting  edge 
about  |"  will  be  found  sufficient  for  any  job 
undertaken. 

Jigs. 

The  use  of  jigs  or  moulds  of  sheet  iron  for  single 
jobs  or  for  repetition  work  is  advisable  and  important, 
as  they  mean  a  saving  of  time,  arid  a  little  forethought 
given  to  the  job  in  hand  will  repay  the  worker  for 
the  trouble  taken.  No  work  with  No.  2  alloy  can 
be  carried  out  without  a  jig  of  some  kind,  made  to 
conform  to  the  contour  of  the  article.  You  will 
find  that  in  some  cases  jigs  both  for  the  inside  and 
the  outside  will  be  necessary  to  preserve  the 
contour.  I  will  explain  later  how  to  make  jigs  and 
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set  them  up,  whether  for  a  single  job  or  for  repetition 
work.  They  are  made  of  20  to  24  gauge  sheet  iron, 
and  in  some  cases  J"  plate,  and  may  with  care  be 
used  many  times  over.  The  fact  of  the  material 
being  so  thin  and  easy  to  bend  to  shape  makes  the 
job  of  jig-making  interesting  in  itself.  Often  these 
jigs  require  the  addition  of  fireclay  to  form  a 
mould. 

Clamps. 

A  couple  of  screw  clamps  will  be  found  very  handy 
in  the  fixing  of  jigs  on  to  articles  for  repairs.  Existing 
bolt  holes  in  castings  can  very  often  be  utilized 
for  the  holding  of  jigs  in  place  while  working. 

Crucibles  and  Iron  Ladles. 

Small  crucibles  of  plumbago  are  very  useful  for 
melting  the  alloys,  but  every  workman  cannot  have 
one  by  him.  The  alternative  is  a  small  cast  iron 
melting-pot  for  the  fire,  and  a  wrought  iron  ladle 
for  use  when  adding  molten  alloy  during  the  burning 
process.  Remember  always  to  heat  the  ladle  before 
putting  it  in  the  melting-pot.  The  ladle  and  pot 
of  iron  require  treatment  with  fireclay  before  melting 
these  alloys,  and  should  be  treated  regularly,  to 
preserve  and  to  lengthen  the  life  of  pot  and  ladle. 
This  will  be  dealt  with  under  heading  Fireclay. 
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Fireclay. 

When  treating  cast-iron  pots  and  hand-ladles 
before  melting  the  alloys,  wash  the  pots  or  ladles 
round  inside  and  out  with  fireclay  and  water  to 
prevent  the  metals  attacking  the  iron,  as  will  happen 
if  they  are  used  constantly  with  the  alloys  for  this 
work.  They  should  be  dried  first  before  melting 
the  metal.  When  using  fireclay  frequently  with 
jigs  as  a  mould,  mix  the  fireclay  into  a  stiff  mass 
with  water,  and  press  it  into  the  parts  required, 
to  form  the  shape  in  the  fireclay  for  the  metal 
alloy  to  be  run  in.  After  the  operator  has  attained 
the  shape  required,  place  the  whole  object  near 
a  fire  to  dry  gradually  (not  quickly)  of  all 
moisture  before  commencing  the  work  of  burning 
with  lamp  or  blow  pipe  and  No.  2  alloy.  Avoid 
the  use  of  quick  drying,  as  it  leaves  the  fireclay 
cracked,  though  this  can  be  remedied  by  applying 
a  soft  mixture  of  fireclay  and  water  with  a  brush  over 
the  cracks  until  they  are  filled  up.  When  dry, 
it  is  ready  to  commence. 

Notes. 

With  regard  to  coal-gas  and  oxygen  drawn  from 
cylinders  for  blowpipe  on  burning  process,  I  would 
advise  any  operator  intending  to  use  oxy-coal-gas 
for  burning  process  to  first  get  instructions  from  the 
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makers  themselves  upon  the  working  of  blowpipes 
supplied  from  trade  cylinders. 

The  tinning  treatment  appears  vague  (when  I 
state  that  no  flux  is  necessary),  especially  to  workmen 
conversant  with  tinning  and  soldering  other  metals, 
and  accustomed  to  using  a  flux  such  as  hydrochloric 
acid  for  zinc,  iron  and  steel,  along  with  sal-ammoniac 
(chloride  of  ammonium)  or  killed  spirits  for  soldering 
of  tin,  brass  and  copper  articles.  The  process  1 
have  explained  is,  however,  absolutely  satisfactory. 
Tinning  any  article  first  and  mastering  the  method 
with  regard  to  teasing  and  scratching  will  give  the 
operator  who  undertakes  this  work  absolute  confidence 
and  ability  to  do  almost  any  job  that  comes  his 
way,  after  perusing  the  instructions  I  have  given, 
and  even  without  experience  gained  by  working 
practice.  When  the  part  has  been  tinned  correctly, 
he  has  a  foundation  on  which  to  build  a  body  of 
metal  to  complete  his  work.  Intense  heat  in  air 
gives  aluminium  a  superficial  coating  of  oxide, 
which  can  be  removed  by  following  directions  given 
under  Tinning  treatment. 

I  wish  at  this  stage  to  compare  oxy-acety-welding 
and  my  processes  of  burning  broken  aluminium 
castings  one  with  the  other.  I  consider  that  on  the 
whole  these  compare  very  favourably  with  other 
methods  employed. 
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In  the  case  of  oxy-acety-welding  it  is  advised  and 
necessary  to  preheat  the  article  previous  to  welding 
and  to  reheat  again  after  the  welding  is  finished, 
and  to  place  the  finished  job  in  hot  sand  or  a  muffle 
to  cool  off.  I  will  take  for  examples  and  com- 
parison the  radiator  tops,  side  standards,  and  gear- 
case  ends,  that  I  have  illustrated  in  Sketches  X,  Y,  Z. 

The  welder  commences  to  preheat  the  wrhole 
article,  and  when  sufficiently  heated  he  gets  his 
oxy-acety-blowpipe  on  the  job  and  starts  up. 

The  welding  of  aluminium  needs  some  experience 
on  the  part  of  the  individual  worker.  As  the  heat 
of  the  oxy-acety-blowpipe  is  playing  on  the  job, 
it  makes  a  bath  of  molten  metal  in  the  immediate 
vicinity  of  the  flame  cone.  At  the  same  time  the 
metal  is  oxidizing  and  the  use  of  flux  is  absolutely 
necessary  to  disperse  the  oxide  so  that  the  metal 
will  unite.  While  the  article  is  under  the  oxy- 
acety  flame  there  is  an  intense  heat  concentrated 
on  a  small  area  or  bath  of  say  2"  in  diameter,  and 
as  the  work  progresses  one  part  is  commencing  to 
cool  behind  the  blowpipe  and  the  portion  in  front  is 
heating  up  to  melting-point  as  the  break  is  traversed. 
At  the  same  time  the  effect  of  the  preheating  is 
gradually  being  lost  in  those  parts  of  the  metal 
away  from  the  place  where  the  weld  is  being  made. 
Consequently,  outside  this  area  strains  are  set  up 


ALUMINIUM   REPAIRING  15 

which  are  relieved  by  reheating  after  the  weld  is 
made,  and  thereafter  cooling  oft'  in  muffle  or  hot 
sand. 

I  will  now  deal  with  my  process  of  burning  these 
castings  with  the  help  of  sheet  iron  jigs,  gas  blowpipe, 
or  blow-lamp.  The  jig  is  placed  in  position  and  the 
flame  is  directed  on  the  part  that  is  enveloped  in 
the  jig.  The  flame  distributes  its  heat  in  the  follow- 
ing manner  :  The  centre  of  reducing  flame  is  con- 
centrated directly  on  the  part  that  requires  repairs ; 
the  outer  extremities  of  the  flame  provide  sufficient 
heat  for  the  jig  and  article.  The  temperature  is 
increased  until  the  melting-point  is  attained  at  the 
broken  part  in  the  reducing  portion  of  the  flame. 

When  the  melting-point  has  been  attained  at  the 
broken  edges  and  the  metal  commences  to  fall  away 
in  a  semi-molten  condition,  it  becomes  absolutely 
molten  on  coming  in  contact  with  the  heated  jig, 
and  at  this  stage  the  molten  alloy  No.  2  is  added 
from  the  melting-pot  to  fill  the  jig  up.  When  the 
edges  of  the  article  and  the  alloy  are  running  fluid 
together  and  united  and  the  jig  is  filled  up  with 
metal,  there  is  no  need  to  reheat  the  job,  as  the  heat 
that  the  whole  has  been  subjected  to  during  the 
process  permeates  the  entire  article.  The  tempera- 
ture is  allowed  to  rise  until  the  metals  have  become 
molten,  when  the  flame  is  lowered  and  the  article 
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is  allowed  to  cool  down  gradually  in  the  heat  from 
the  flame,  but  not  in  the  flame  itself.  This,  in 
my  opinion,  heats  the  air  around  and  about  the 
job  sufficiently,  whether  there  are  draughts  or 
not,  and  will  prevent  sudden  contraction  of  the 
metal,  which  would  tend  to  cause  a  fracture.  During 
this  process  the  use  of  flux  is  not  necessary.  In 
taking  up  shrinkage  as  the  metal  alloy  cools  it 
makes  no  difference  if  you  have  to  add  a  little  strip 
metal  No.  1  with  aid  of  lamp  and  blowpipe,  and 
does  not  alter  the  strength  of  joint  made,  while 
it  saves  bringing  the  whole  object  up  to  melting- 
point  again. 

Making  of  Joints  used  on  Sheet  Aluminium. 

Butt  joints  (Figs.  1  and  2)  used  when  sheet 
aluminium  articles  are  joined  together,  either  edge 
to  surface  (Fig.  1)  or  edge  to  end  (as  in  Fig.  2). 
First  make  the  shape  required,  then  take  apart  and 
clean  the  edges  of  any  grease  or  dirt  with  scraper 
or  end  of  file.  When  this  has  been  done,  take  the 
small  blow-lamp,  or  use  the  flame  of  a  small  blow- 
pipe, and  apply  heat  to  the  edges  already  cleaned. 
Add  a  little  metal  strip  No.  1.  Use  a  small  clean 
flame.  It  must  not  be  smoky  or  too  fierce.  Use 
your  old  file  to  tease  the  metal  strip  on  to  the  edges 
or  surfaces  required  to  meet  each  other,  and  see 


Buff  Joints 

Lap Jo'/nTs      5TraighT Joint  Fig 3     Bottoms  Fig 4. 
F/gS        Thinned  or  Scarfed  Joint  for  Cylindrical  Articles  as  Fig 6 
Fig  7        Coupling  piste  for  Rubber  Tube 
F/gQ         Sleeve  Jar  repairing  Aluminium  Small  Bore  Tube 


Fig  I. 


Fig  2 
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that  all  parts  are  dealt  with  as  you  travel  along, 
say  about  f  of  an  inch  either  side  of  where  the  joint 
will  be  made,  leaving  no  part  undone  or  any  beading 
of  the  metal  or  oxide  at  the  outer  edges  which  may 
form  during  the  application  of  heat.  Allow  the 
articles  to  cool  off  when ;  cold,  placing  them  together 
as  required  and  securing  in  place  to  prevent  moving. 
Then  with  the  aid  of  small  flame  and  strip  of  alloy 
run  the  molten  metal  along  the  joint,  afterwards 
dressing  the  metal  of  any  oxide  with  the  edge  of  the 
spatula  by  passing  it  quickly  and  lightly  from  end 
to  end  over  the  surface  of  the  molten  metal  before 
it  cools. 

(See  PLATE  No.  II.) 

Lap  Joints. 

Figs.  3  and  4,  used  in  making  articles  in  light 
copper,  brass  and  tin  sheet,  can  also  be  applied  to 
aluminium  sheet  and  made  watertight  by  sweating 
on  the  inside  or  outside  as  required.  The  joints 
can  be  made  first  and  then  tinned  and  sweated  after- 
wards, but  I  much  prefer  the  following  method: 
When  you  have  cut  the  shape  out  of  sheet  for  article 
required,  clean  along  the  edges  that  will  form  the 
joint  with  scraper  file  or  card  wire,  and  tin  these 
edges  first  with  alloy  strip  No.  1.  This  will  give 
the  operator  confidence  after  the  joints  are  made 
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to  know  he  has  a  clean  surface  to  deal  with.  All 
that  is  required  now  is  to  heat  the  joint  along  and 
melt  the  strip  metal  on  the  joint.  Train  it  along 
with  spatula  while  in  a  molten  state.  The  operator 
will  find  that  this  is  very  quickly  done.  While  the 
alloy  is  still  running  fluid,  pass  the  edge  of  spatula 
quickly  and  lightly  over  the  surface  from  end  to 
end  of  joint  to  remove  any  film  or  particle  of  oxide 
that  has  fallen  and  also  any  surplus  metal  off  the 
joint. 

Thinned  or  Scarfed  Edge  Joints. 

Figs.  5  and  6,  which  are  made  by  using  the  cross- 
paned  hammer  to  thin  the  edge  of  sheets  that  meet 
each  other  so  that  the  joint  will  be  the  same  thickness 
as  the  sheet  metal  when  finished.  This  type  of 
joint  (usually  made  by  coppersmiths  for  brazing) 
can  be  used  on  the  stouter  gauges  of  aluminium 
sheet,  as  in  the  case  of  a  cylindrical  article  (Fig.  6), 
and  can  be  sweated  together.  When  made,  this 
joint  will  stand  a  little  hammering  and  working, 
and  even  if  it  splits  it  can  be  sweated  again  and 
again  during  working.  I  have  found  this  joint  answer 
the  purpose  of  making  up  connecting  pieces  for 
insertion  into  rubber  tubes  for  petrol,  as  in  Fig.  7, 
and  also  in  the  joining  of  a  sleeve  to  repair  broken 
aluminium  tubes,  as  in  Fig.  8.  For.  the  tinning  and 
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loading  of  this  joint  follow  instructions  given  under 
Tinning  and  Loading  Surfaces  of  Aluminium.  When 
you  have  tinned  the  edges  of  the  sheet  with  the 
alloy,  allow  the  shape  to  cool  before  putting  it 
together,  and  if  it  requires  holding  in  place,  pass  a 
wire  around  and  secure  with  a  twist  and  proceed 
to  sweat  the  strip  alloy  through  the  joint.  It  will 
run  through  of  its  own  accord  when  you  apply  heat 
and  metal,  whether  from  inside  or  outside.  As 
soon  as  you  observe  the  metal  running  through, 
lower  the  flame  of  lamp  or  blowpipe  slightly,  and 
draw  the  heat  away  from  the  article  a  little. 
Take  hold  of  spatula  and  dress  the  molten  metal 
on  both  sides  to  take  off  surplus  metal  and  any 
oxide  that  has  formed.  The  action  of  dressing 
the  spatula  prevents  drops  of  metal  from  adhering 
to  the  side  opposite  to  that  on  which  the  operator 
is  working,  leaving  a  good  even  joint,  and  will 
save  filing  after  cooling  down.  As  I  have  stated 
previously,  this  joint  will  stand  working  and  also 
pressure. 

Cast  Aluminium  Pipes.  Broken  Lugs  of 
Flanges,  their  Repair  with  No.  2  Alloy 
and  Jig  required. 

The  common  causes  of  a  fracture  in  the  flanges 
of  aluminium  pipes  at  bolt   holes  are  uneven  fitting 


Cast  Aluminium  Pipes  Broken  Lugs  of  Flanges  s-  their  repair 
w/n  No 2.  Alloy  6- Jig  required 
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face  to  face  when  making  joints  and  using  a  ring 
packing  of  rubber,  fibre,  etc.,  instead  of  a  piece  of 
sheet  packing  to  cover  the  whole  surface  of  flange. 
In  the  case  of  rings,  this  sets  up  strains  when  the 
connecting  bolts  are  tightened  up.  Using  bolts 
of  too  large  diameter  has  the  same  effect.  The 
holes  have  then  to  be  drilled  to  suit,  which  leaves 
insufficient  metal  between  edge  of  flange  and  hole. 
Any  vibration  plus  the  above  faults  will  soon  cause 
a  break. 

Clean  the  article  for  the  burning  on  of  new  metal 
at  the  broken  part,  and  if  the  casting  has  been  subject 
to  oil,  grease,  etc.,  it  will  be  necessary  to  heat  the 
part  locally  to  get  rid  of  any  foreign  matter  as 
mentioned  under  Treatment  of  Castings  subjected 
to  Oil,  etc.  When  this  is  done,  if  No.  2  alloy  is  to 
be  used,  it  is  not  necessary  to  tin  the  parts  as  in 
the  case  of  minor  repairs  by  the  sweating  process. 
The  job  must,  however,  be  cleaned  before  fixing 
jig,  and  it  is  better  to  burn  the  oil  off  first,  allow  the 
casting  to  cool,  and  go  on  making  the  sheet  iron 
jig.  Then  when  the  jig  is  ready,  the  casting  only 
requires  scraping  or  filing  to  clean  it  up  for  fixing 
the  jig  and  burning  repairs. 

(See  PLATE  No.  III.) 
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Making  of  Jig  for  Oval  Flange,  Figs.  1  and  2. 

Two  pieces  of  sheet  iron  cut  as  per  sketch  A,  Fig.  3, 
larger  than  the  size  of  flange  D,  Fig.  1,  cut  away  at 
A,  Fig.  3,  to  suit  outside  diameter  of  pipe,  the  ends 
being  left  long  enough,  as  shown  in  Fig.  3,  to  overlap 
when  placed  in  position  behind  flange,  as  in  sketches 
1  and  2. 

One  piece  of  sheet  iron  (Fig.  4)  about  2"  wide  and 
longer  than  the  circumference  of  the  outside  diameter 
of  pipe  (B,  Fig.  2),  so  as  to  overlap  at  ends  when 
placed  around  the  pipe  behind  flange  like  a  ferrule, 
with  one  end  beaten  over  about  J"  by  stretching  with 
cross  pane  of  a  hammer.  This  J"  flange  when  in 
position  on  pipe  B  supports  the  plates  and  behind 
the  flange,  as  shown  in  Fig.  2. 

One  piece  of  sheet  iron,  Fig.  5,  about  2J"  wide  and 
longer  than  the  circumference  of  the  inside  diameter 
of  pipe  B  (Fig.  2).  This  forms  a  cylinder  when 
made  up,  and  is  placed  inside  the  pipe  to  preserve 
the  inside  diameter  when  the  metal  is  running 
fluid. 

Two  strips  of  sheet  iron  (Fig.  6)  cut  a  J  of  an  inch 
wider  than  the  thickness  of  flange  D,  Fig.  2,  and  bent 
to  suit  the  shape  of  end  of  flange  D,  Fig.  1,  around 
the  outer  edge,  with  shear  cuts  made  as  in  sketch 
Fig.  6,  and  punched  for  riveting  to  plates  shown  in  A, 
Figs.  3  and  1.  The  resulting  lugs  made  by  the  shear 
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cuts  are  bent  outwards  at  right  angles,  as  shown  in 
Fig.  1.  Holes  are  then  marked  on  plates  (A,  Fig.  1). 
Punch  these  and  then  rivet  the  separate  plates 
together  in  half  sections.  When  coupled  together 
they  make  the  outer  jig  or  mould  of  flange.  Now 
as  to  fixing  of  flange  up  with  jig  before  commencing 
the  burning  process,  take  the  inside  (Fig.  5)  and 
wash  it  on  the  outside  with  fireclay  and  water ; 
then  press  it  into  the  aluminium  pipe.  It  should 
be  a  tight  fit,  and  leave  about  f  "  standing  up  above 
the  face  of  flange,  as  in  Fig.  2.  Next  take  outside 
ferrule  and  wash  the  inside  with  fireclay  and  water, 
and  open  sufficiently  to  go  over  the  pipe  if  it  will 
not  slip  on  the  other  end.  The  top  is  the  flanged 
end  after  this  has  been  done.  Take  the  two  half 
sections  and  place  in  position  round  the  flange  with 
the  ends  overlapping,  as  shown  in  Figs.  1  and  2. 
Wire  this  top  portion  and  also  the  ferrule  round  to 
keep  them  from  moving,  as  shown  in  Fig.  2 ;  mix 
a  stiff  mass  of  fireclay  and  press  it  round  the  part 
of  jig  flange  and  joints  indicated.  The  whole  job 
should  then  be  fixed  face  of  flange  upwards  and  about 
18"  off  the  floor,  and  made  secure  so  that  it  will 
not  move  about  or  fall  when  working.  It  is  now 
ready  for  the  burning  process  as  outlined  under 
that  heading. 

(See  PLATE  No.  III.) 
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Repairs  to  Motor  Aluminium  Radiator,  Tops 
and  Bottoms,  Side  Standards  and  Gear 
Gases. 

The  flanges  of  tops  and  bottoms  of  radiators  and 
gear  cases  are  very  similar  to  one  another,  so  I  will 
deal  with  a  top  in  the  sketches  that  follow.  As 
to  making  the  jigs  that  are  required,  side  standards 
require  a  new  kind  of  jig,  as  also  does  the  end  of 
a  gear  case,  which  has  a  strengthening  rib  of  metal 
at  one  end.  There  are  so  many  different  makes  of 
these  articles  that  it  would  be  almost  impossible 
to  collect  the  data  required  in  connection  with  every 
type.  I  hope,  therefore,  that  the  sketches  I  give 
here  will  explain  and  help  any  operator  in  making 
jigs  for  the  different  types  as  occasion  may  require. 
I  will  take  them  as  they  occur  in  the  Sketches 
X,  Y,  Z. 

Making  up  of  Jig  for  Radiator  Top  Piece, 
Corner  or  End  Repairs  of  Flange,  as 
shown  in  Sketch  X. 

One  strip  of  sheet  iron  about  8"  long  and  3J" 
wide  and  cut  as  shown  at  A,  Fig.  1.  Bend  the 
strip  at  B  B  measurement,  for  the  distance  between 
lines  B  B  is  the  inside  of  top  at  C,  Fig.  2.  The 
lugs  at  each  end  are  bent  over,  as  at  A  A,  Figs.  1 
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and  2,  to  cover  bolt  holes  on  face  of  flange,  the 
holes  are  then  marked  off  and  punched,  and  the 
inner  section  of  jig  is  ready  to  be  secured  in  place 
later. 

One  piece  of  sheet  iron  about  10"  long  and  4J" 
wide  marked  off  and  cut  as  in  sketch  Fig.  5.  Bend 
this  piece  at  E  E  at  right  angles,  as  shown  in  Fig.  6. 
Measurement  for  distance  E  E  is  the  outside  measure- 
ment of  top  at  D,  Fig.  3,  underneath  flange.  One 
piece  of  sheet  iron  marked  off  and  cut  according  to 
the  following  instructions :  Take  Fig.  7,  E  E,  as 
base  lines,  and  E  J  length  of  sides  similar  to  E  J, 
Fig.  6,  with  y  left  on  inside  these  lines  and  cut  diagon- 
ally at  G,  Fig.  7,  into  the  corners.  This  inside  edge 
is  turned  down  to  rivefc  on  to  Fig.  6  when  the  shapes 
are  placed  together,  Fig.  6  to  fit  inside  Fig.  7.  The 
outer  edges  F  F  F  are  arrived  at  in  the  following 
manner :  The  sides  are  the  space  of  flange  at 
K  K,  Fig.  3,  the  end  is  the  length  of  flange  as  at 
L,  Fig.  4,  and  an  extra  f  "  is  left  on  all  round  the  out- 
side edge  for  turning  up,  first  making  cuts  at  the 
two  corners  G,  Fig.  7.  These  corners  are  then 
riveted  to  hold  the  turned-up  edges  together,  as 
at  M,  Fig.  8.  When  the  shapes  of  Figs.  6  and  7 
are  placed  together  and  riveted,  they  form  the 
outer  mould,  Fig.  8,  which  is  then  placed  in  position 
at  the  end  and  outside  of  flange  of  radiator  top,  as 
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in  Figs.  9,  10  and  11.  After  this  mould  or  jig  is 
placed  in  position,  mark  off  holes  to  correspond  to 
the  holes  in  flange  and  to  meet  the  holes  of  the 
inner  section,  and  punch.  Where  the  edges  of 
Figs.  6  and  7  join  in  the  outer  mould  at  H  H  H, 
dress  the  projecting  edge  over  by  lightly  hammering 
to  make  a  good  job  of  the  joint  and  so  that  no  molten 
metal  will  run  between  later. 

(See  PLATE  No.  V.) 


Fixing    of    Jigs    on    to   End    of   Flange    where 
Repairs  are  required. 

Fig.  1  goes  inside  of  radiator  top,  the  turned-down 
portions  at  the  ends  A  A  laying  over  one  or  two 
holes.  Fig.  8  goes  outside  the  end  of  flange,  and  the 
surface  K  K  K  lies  under  corresponding  holes  to 
Fig.  1  inside  jig.  Couple  up  inside  jig,  flange  of 
radiator,  and  outside  jig  with  bolts  and  nuts,  and  it 
will  appear  as  in  Figs.  9,  10,  11.  When  all  is  made 
tight,  press  a  stiff  paste  of  fireclay  and  water  all 
round  the  spaces  between  jigs  and  radiator  top, 
outside  and  underneath,  as  shown  in  Figs  10  and  11, 
to  prevent  any  molten  metal  running  between  jig 
and  casting  when  the  metal  alloy  is  being  run  on 
top. 
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This  jig,  when  made,  can  be  used  several  times 
before  it  is  scrapped  both  for  a  corner,  or  whole,  end 
flange  repairs.  The  reason  I  leave  the  top  edges 
of  jigs  so  high  over  the  face  of  flange  is  that 
the  molten  metal  can  then  be  run  into  the  mould 
without  the  fear  of  not  having  sufficient  metal  on 
the  surface  for  dressing  or  machining  to  bring  it 
to  a  level  surface  in  conformity  with  the  other  parts. 
Remember  to  wash  all  jigs  with  fireclay  and  water 
before  fixing  to  articles  to  be  repaired,  so  as  to 
prevent  the  molten  metal  from  adhering  to  the 
sheet  iron. 

When  jobs  are  fixed  up  with  jigs  for  burning  process, 
place  them  on  a  few  firebricks  so  that  the  surface 
will  be  about  18"  from  the  floor  and  fairly  rigid. 
It  will  not  then  tire  the  hands  and  arms  while  hold- 
ing the  lamp  or  blowpipe.  The  position  of  the 
flame  when  working  is  given  in  the  sketch  Fig.  12, 
and  applies  to  all  work  when  repaired  with  No.  2 
alloy.  It  is  rather  tiring  holding  the  lamp  or  pipe 
if  the  job  is  too  high.  Remember  to  leave  the  part 
to  be  repaired  free  from  any  obstruction  that  would 
keep  away  or  absorb  the  heat  while  working,  and 
follow  the  general  outline  of  Burning  Process  with 
No.  2  Alloy. 

(See  PLATE  No.  V.) 
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Filling  in  a  Portion  of  Flange  broken  at  Bolt 
Holes  and  Shape  of  Jigs  required  for  Side 
Repairs  of  Straight  Flanges. 

One  strip  of  sheet  iron  about  6"  long  and  4J" 
wide,  cut  as  in  sketch  Fig.  13,  and  marked  off  for 
bending.  The  portion  marked  B  is  bent  along 
dotted  lines  at  right  angles  to  C  and  upwards.  The 
width  of  flange  underneath,  say  £",  is  left,  and  portion 
marked  D,  Fig.  13,  is  now  bent  down  at  right  angles 
to  C.  It  then  takes  the  shape  shown  in  Fig.  15, 
outside  pattern,  and  is  placed  in  position  on  outside 
of  flange.  The  lugs  at  each  end  (A  A)  are  bent 
over  the  face  of  flange  as  at  A,  Fig.  16,  and  are  secured 
later  with  bolts  passed  through.  One  strip  cut 
6"  long  and  4"  wide  (Fig.  14)  and  cut  away  at  top 
edge  similar  to  Fig.  13.  Place  in  position  inside 
the  body  of  casting.  The  lugs  A  A,  Fig.  14,  are 
then  bent  as  shown  in  Fig.  15,  inside  pattern,  and  also 
at  A,  Fig.  16.  Holes  are  then  marked  on  these  lugs 
from  holes  in  flange  and  bolts  passed  through  to 
hold  the  ends  of  jigs  in  place,  as  shown  in  Fig.  16. 
Remember  to  wash  the  surfaces  that  go  to  the  casting 
with  fireclay,  and  fix  up,  as  shown  in  Fig.  17,  with  a 
piece  of  firebrick  or  iron  rod  inside  and  a  weight 
outside.  Press  a  stiff  paste  of  fireclay  along  bottom 
edges,  and  the  job  is  ready  for  the  burning  process 
with  No.  2  alloy. 

(See  PLATE  No.  VI.) 
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Radiator  Side  Pieces  or  Standards.     Sketch  Y. 

Before  commencing  the  repair  of  a  side  piece  broken 
through  centre  as  shown  at  1,  Sketch  Y,  I  would 
advise  the  taking  of  measurements  from  end  to  end,  as 
these  side  pieces  when  finished  require  to  be  a  neat  fit 
between  top  and  bottom  tube  plates  on  coupling  up. 

The  pattern  of  jig  for  this  job  can  be  made  from 
one  piece  of  sheet  iron.  First,  I  give  a  sketch  of 
side  piece  at  1  A,  Sketch  Y,  and  also  a  section  through 
centre  of  Fig.  1.  This  also  shows  the  shape  required 
when  the  sheet  iron  is  bent  to  form  a  jig.  The 
strip  when  cut  should  not  be  less  than  9"  wide,  and 
of  such  a  length  as  to  make  the  shape  as  shown  at 
end  of  jig  (Fig.  1).  To  help  in  the  making  I  advise 
the  use  of  a  hard  wood  block  9"  long  and  J"  less 
in  thickness  than  the  size  of  gap  at  A,  Fig.  1,  on  the 
casting.  Starting  from  the  centre  of  sheet  bend, 
round  the  block  of  wood,  as  shown  at  A,  Fig.  5.  After 
this  has  been  done,  and  still  keeping  the  wood  in 
place,  fasten  the  job  in  the  vice  and  bend  at  B  B, 
Fig.  6,  at  right  angles  and  outwards,  then  release 
from  vice  and  continue  to  bend  the  sides  until  they 
form  the  shape  Fig.  7.  Return  the  block  of  wood 
to  the  gap  A,  reverse  the  job  and  place  in  vice  again. 
Bend  the  sheet  at  C  C  outwards,  and  taking  careful 
measurements  from  C  to  D either  side,  bend  downwards. 

(See  PLATE  No.  VII.) 
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Mark  off  at  E  each  side  and  bend  upwards,  as  shown 
from  E  to  F,  and  you  have  the  shape  required  for 
jig  shown  at  end  of  Fig.  1.  This  mould  or  jig  when 
made  will  suit  a  Leyland  radiator  side  piece,  and  the 
sketches  of  side  view  and  end,  Figs.  2  and  3,  will 
help  to  explain  the  fixing  up  for  the  burning  process. 

G  G  G  are  pieces  of  firebrick  at  each  end  of  jig, 
as  shown  in  Fig.  3.  The  bottom  piece  lies  flat  on 
the  underpart  of  jig  and  projects  below  the  edges  of 
the  recessed  portion  of  casting  as  shown  at  each 
side,  Fig.  3.  The  two  top  portions  lie  flat  on  the 
surface  either  side  of  gap  and  stand  above  the  top 
edges  of  jig  at  B,  Fig.  1.  The  J"  binding  wire  is 
bent  round  the  firebricks  and  jig  at  both  ends  and 
holds  the  jig,  casting,  and  bricks  in  position,  with 
a  twist  at  J,  Figs.  2  and  3,  and  compresses  the  whole 
together. 

After  this  has  been  done,  press  a  stiff  paste  of 
fireclay  all  round  the  ends  at  K  K,  Fig.  2,  to  prevent 
molten  metal  from  running  between  jig  and  casting 
when  burning.  Then  place  the  whole  over  a  fire, 
the  centre  of  the  jig  and  casting  over  the  centre  of 
fire  so  that  the  heat  is  directly  under  the  break. 
Place  the  job  on  two  firebricks  as  shown  in  Figs.  2 
and  4,  G  G  as  supports  or  rests,  so  that  the  heat 
from  the  fire  will  assist  as  a  bottom  heat  for  the 
jig.  You  do  not  want  a  big  fire  when  operating, 
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as  you  have  the  flame  of  the  blowpipe  or  lamp 
going  on  top,  and  the  heat  from  this  flame  with  very 
little  assistance  from  the  fire  will  be  found  sufficient. 
For  Burning  Process  follow  instructions  given  under 
that  heading,  and  when  the  job  is  ready  for  cooling 
down,  cover  the  fire  underneath  the  jig  with  a  small 
piece  of  sheet  iron.  Place  between  the  firebricks 
and  allow  to  cool  right  out  in  this  way,  so  that  you 
will  have  a  gradual  cooling  down  in  the  heat  from 
the  fire.  When  the  fire  has  died  down  and  the  metal 
is  set  or  solid  you  can  remove  the  job  and  lay  aside 
until  cold  ;  then  take  apart  and  dress  off. 

(See  PLATE  No.  VII.) 

Repairs  to  Radiator  Side  Piece  at  End,  as  shown 
in  Sketch  Y  2.     Break  near  Flange. 

A  break  or  crack  near  either  end  necessitating  a 
new  part  being  burnt  on  and  jig  required. 

The  sheet-iron  jig  for  this  particular  job  assumes 
a  box-like  shape  and  is  cut  in  three  pieces,  two  pieces 
being  riveted  together,  and  the  third  piece  clamped 
when  fixing  up  for  burning  process,  as  shown  in 
Fig.  4. 

The  inside  mould  'consists  of  two  portions  cut  as 
follows  :  The  measurements  for  Fig.  2  are  A,  Figs.  1 
and  2  for  width  at  top  inside  ;  B  B,  Figs.  1  and  2, 
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for  depth;  C,  Figs.  1  and  2,  for  width  at  bottom. 
As  the  sides  slope  outwards  from  A  to  C,  the  two 
sides  are  bent  inwards  and  are  riveted  on  to  end, 
which  when  bent  is  at  right  angles  to  A,  with  the 
holes  as  shown  on  the  lap  D,  Fig.  2.  Fig.  2,  A, 
is  then  cut  as  shown  to  measurements.  The  inside 
edges  are  turned  up  to  the  angles  as  shown  at  E  E 
sides,  and  end  E,  Fig.  2  A,  to  meet  Fig.  2,  and  go 
inside,  these  edges  being  then  riveted  in  place  and 
the  rivet  heads  hammered  flat.  This  portion  of  jig 
goes  inside  the  recessed  part  of  side  piece,  as  shown 
in  Fig.  4. 

The  outside  jig  is  one  strip  cut  to  the  measurements 
of  the  end  of  side  piece.  The  6"  shown  may  not  be 
quite  the  right  distance  with  regard  to  the  end,  but 
the  outside  sizes  of  6"  will  be  found  sufficient, 
as  in  Fig.  3,  and  bent  to  shape  as  in  Fig.  3,  A,  and 
the  flange  f "  is  thrown  off  at  right  angles,  as  shown 
at  F,  Fig.  3.  The  whole  is  then  ready  for  putting 
together,  as  shown  in  Fig.  4,  and  four  clamps  made, 
as  in  Fig.  5,  to  hold  the  corners  and  ends  by  the 
flanges  projecting,  as  in  Fig.  4.  It  is  also  advisable 
to  wire  round  the  end  of  jig  at  back  as  in  dealing  with 
break  at  centre  of  side  piece.  Press  stiff  fireclay 
and  water  in  between  all  joints  of  jig  and  see  that 
you  have  the  right  length  over  all  end  to  end  before 
commencing  the  burning  process.  Rest  the  whole 
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article  on  a  couple  of  fire-bricks,  and  it  is  ready  to 
commence. 

(See  PLATE  No.  VIII.) 


Repairing  Motor  Lorry  Gear  Case,  Sketch  Z. 
Jig  required  for  break  through  End, 
Strengthening  Rib. 

Lay  the  gear  case  surface  down  on  the  sheet  iron 
and  mark  off  all  round  the  taper  end  to  be  repaired, 
as  in  Fig.  3  ;  then  with  compasses  or  dividers  mark 
off  another  line  f"  outside  and  cut  this  segment 
out.  Proceed  with  shears  to  cut  from  outside 
edge  to  inner  line  No.  1  to  8,  Fig.  4.  Bend  this 
cut  edge  over  at  right  angles  to  flat  centre  portion 
0,  as  in  sketch  Fig.  5,  on  the  end  of  a  mandrel  with 
the  flat  face  of  a  hammer,  and  the  pieces  will  com- 
mence to  follow  each  other,  overlapping  as  the  work 
progresses.  When  this  has  been  done,  take  the 
thickness  of  the  strengthening  rib  at  D,  Fig.  2,  and 
the  length  at  E,  Fig,  1,  and  transfer  these  measure- 
ments to  the  flat  surface  C,  as  at  E  E  D,  Fig.  4. 
Cut  this  piece  out  so  that  it  will  fit  underneath 
the  taper  end  of  gear  case  up  to  the  body  at  F,  Fig.  1. 
Another  shape  has  to  be  cut  and  made  to  fit  the 
rib  D,  Fig.  2,  and  takes  the  lines  as  at  6-7 -la.  Take 
again  the  width  of  rib  D,  Fig.  2,  and  the  length  at 
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G,  Fig.  1,  and  transfer  these  measurements  to  a  piece 
of  sheet  iron  as  in  Fig.  6,  D  G  G.  Take  the  length 
of  E,  Fig.  1,  with  compasses,  and  from  each  side 
of  D  describe  an  arc  of  a  circle,  as  shown  in  Fig.  6  ; 
then  take  the  length  of  F  from  end  of  rib  G  to 
the  underside  of  flange  E,  Fig.  1,  and  transfer  this 
length  from  H  to  J,  Fig.  6.  Mark  off  a  line  |" 
outside  end  at  D  and  along  the  side  E  E,  as  shown 
in  Fig.  6.  Cut  this  piece  out  and  make  cuts 
also  at  K  K  and  proceed  to  bend  the  pattern  as 
shown  at  G,  Fig.  7  ;  then  throw  off  flange  at  D  and 
E  E,  as  shown  in  Fig.  7a,  and  punch  holes  to  corre- 
spond to  holes  on  Fig.  4.  It  will  then  assume  the 
shape  as  in  Fig.  8  after  riveting  together,  and  will  be 
ready  to  place  in  position,  to  be  secured,  as  shown 
in  Fig.  9,  with  a  couple  of  clamps  for  holding  jig 
on  to  flange.  The  clamps  are  made  from  J"  square 
or  round  iron  rod,  as  has  been  explained  when  dealing 
with  end  repairs  of  radiator  side  pieces.  Before 
using  wash  with  fireclay  and  water,  then  fix  up 
and  place  clamps  in  position,  pressing  a  stiff  paste 
of  fireclay  in  the  joints  between  jig  and  casting 
at  J  and  0,  Fig.  9.  You  are  then  ready  to  com- 
mence the  burning  process  explained  previously. 

(See  PLATE  No.  IX.) 
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Shortening  a  Cast  Aluminium  Pipe,  or  con- 
necting a  Flange  or  Boss  to  the  End,  for 
a  Thread  or  with  a  Thread  already  made. 

Regarding  alterations  to  existing  castings,  it  is 
sometimes  necessary  to  alter  a  cast  pipe  length, 
which  is  done  by  the  sweating  process  with  No.  1 
alloy.  I  will  take  the  cast  aluminium  pipe  in  the 
sketch  with  flange  one  end  and  a  threaded  boss  at 
the  other.  Suppose  that  this  pipe  4"  long  has  to 
be  shortened  1|",  bringing  the  length  down  to  2|" 
from  4".  Cut  the  boss  end  right  off  where  marked, 
A.  Then  cut  piece  off  pipe  at  dotted  lines  B,  which 
will  leave  the  length  of  pipe  and  flange  2|"  over  all. 
Take  the  length  of  boss,  say  I,"  mark  off  on  the 
free  end  of  pipe  1"  as  at  C,  and  reduce  the  outside 
of  this  pipe  to  half  the  thickness  of  metal.  Then 
bore  or  drill  the  boss  end  out  to  fit  the  reduced  end 
of  pipe  loosely,  and  it  is  ready  to  commence  tinning, 
prior  to  sweating  together  writh  No.  1  alloy,  providing 
that  you  have  no  oil  or  grease  to  contend  with. 
Commence  to  tin  the  inside  of  the  boss  and  the  out- 
side of  pipe  up  to  the  shoulder  at  C,  and  also  at  the 
end  of  boss  which  meets  this  shoulder,  and  a  short 
distance  on  the  outside  circumference  of  original 
pipe.  For  the  tinning  with  No.  1  alloy  look  up 
the  instructions  given  under  Tinning  and  Loading 
Surfaces  of  Aluminium.  While  both  articles  are 
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still  hot,  place  the  pipe  end  into  the  boss,  and 
lightly  fasten  the  pipe  in  the  vice,  boss  end  up. 
Melt  the  strip  alloy  on  to  the  joint,  and  heat  the 
boss  with  the  aid  of  lamp  or  blowpipe  from  the 
top,  so  that  the  molten  metal  will  run  through 
the  joint  of  boss  and  pipe.  When  the  metal  com- 
mences to  run  through,  press  the  boss  right  up  to 
the  shoulder  C,  and  allow  the  job  to  cool  off  ;  then 
dress  off  with  file  and  emery  cloth  at  the  joint  and 
face  of  boss,  and  the  job  will  be  found  a  good  one. 

Bending  of  Aluminium  Tube. 

To  many  persons  aluminium  tube  presents  diffi- 
culties in  bending,  and  I  hope  the  following  remarks 
will  be  found  instructive.  Get  sand  free  from 
stones  and  heat  it  on  a  piece  of  sheet  iron,  to  the 
exclusion  of  any  dampness,  and  while  the  sand  is 
drying  plug  one  end  of  tube  with  a  wooden  plug, 
then  fill  the  tube  writh  the  hot  sand  and  tap  the 
tube  gently  with  a  flat  piece  of  wood  to  allow  the 
sand  to  settle  down,  and  repeat  this  action  until 
the  tube  is  full.  Then  plug  this  end  also,  remember- 
ing that  if  a  long  length  of  tube  is  being  filled  it 
requires  supporting,  otherwise  it  might  get  an 
awkward  bend  or  kink  when  moving  about,  as 
the  hot  sand  anneals  the  aluminium ;  it  is  fairly 
soft  even  when  cold.  When  bending  aluminium 
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tube  I  advise  the  use  of  a  soft  wood  block  rounded 
off  at  one  end  to  suit  the  radius  of  inside  curve  of 
bend  required,  and  a  thin  piece  of  soft  wood  to  back 
the  tube  when  holding  in  vice,  which  must  not  be 
held  tight,  as  the  metal  soon  takes  a  flat,  and  in 
some  cases  it  is  almost  impossible  to  get  the  dent 
or  flat  out  again,  particularly  if  it  occurs  between 
two  bends. 

Making  Socket  Joints  in  Aluminium  Tubing. 

The  sketches  I  have  shown  will  help  in  the  making 
of  socket  and  flush  joints  for  the  repair  or  piecing 
up  of  aluminium  tube.  Fig.  1  is  a  socket  joint 
for  use  when  the  reduction  of  the  bore  is  not 
desired. 

Fig.  2  is  a  flush  joint  outside,  but  one  which 
reduces  the  bore,  though  the  outside  can  be  dressed 
off  to  correspond  with  the  other  parts  after  sweating 
together.  To  expand  the  tube  for  a  socket  (Fig.  1) 
get  a  piece  of  round  mild  steel  rod  that  will  enter  the 
bore  and  fasten  in  a  vice,  leaving  about  1 J"  out  at  end 
of  jaws.  Place  the  tube  end  on  this  part  and  lightly 
hammer,  say,  for  a  length  of  1"  all  round,  and  the 
tube  will  stretch  and  expand  under  the  repeated 
blows  of  the  hammer.  When  you  have  got  the 
required  diameter  for  other  end  to  fit  inside,  round 
it  up  nicely  and  commence  to  throw  a  lip  off  at 
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the  end  of  the  enlarged  portion,  say  from  J"  to  f6 -", 
to  make  shoulder  for  the  strip  alloy  to  rest  on 
when  sweating  together  ;  clean  the  inside  of  socket 
and  lip  and  the  outside  of  tube  end  that  meets 
it  and  tin  with  No.  1  alloy.  While  both  parts 
are  still  hot  insert  one  into  the  other  and  place 
in  an  upright  position  (taking  care,  if  you  have 
any  bends  on  the  separate  parts,  to  place  them  at 
their  proper  angles)  and  sweat  together,  with  the 
aid  of  lamp  or  blowpipe  and  strip  of  metal.  A 
small  clean  flame  and  a  spatula  will  help.  See  that 
the  metal  runs  right  in  the  joint,  but  do  not 
keep  the  flame  on  the  job  all  the  time,  as  it  might 
so  heat  the  tube  that  it  would  break  into  or 
cause  the  metal  to  run  through  the  joint  and  into 
the  pipe  below  the  joint.  Play  the  flame  on  and 
off  as  may  be  required.  After  you  have  loaded  the 
lip,  allow  the  job  to  cool  off,  then  dress  the  lip  down 
with  file  and  emery  cloth,  and  the  joint  will  appear 
as  in  Fig.  1,  A. 

Fig.  2  is  a  flush  joint  when  finished,  but  there  is 
one  drawback  to  this  kind  of  joint,  owing  to  the 
reduction  of  the  bore,  as  shown  in  Figs.  2  and  2a. 

To  reduce  the  portion  of  tube  for  the  joint  in  Fig.  2 
from,  say,  J"  to  I"  in  length,  according  to  the  size  of 
tube  under  treatment,  I  show  sketches  of  an  impro- 
vised jig  (or  1  should  say  "  tool  ")  for  the  work  ; 
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but  in  the  case  where  repetition  work  is  the  order, 
I  have  given  a  sketch  for  a  permanent  tool  also. 
I  take  as  the  improvised  tool  a  block  of  wood,  cut 
as  shown  in  Fig.  1.  Fasten  this  hard  wood  block 
in  the  vice,  and  using  the  cross  pane  of  hammer, 
as  shown  in  Fig.  2,  lightly  hammer  on  the  tube 
(commencing  about  V  in  small  bore  up  to  1"  in 
larger  bore  from  the  end).  This  will  cause  the 
reduction  of  the  part  struck.  Follow  round  and 
round,  coming  nearer  to  the  end  after  each  course, 
you  will  find  the  tube  reduced  in  diameter,  as  in 
Fig.  2.  When  sufficiently  reduced  to  enter  the 
second  piece,  lay  on  one  side  and  commence  to 
throw  a  lip  off  on  the  end  of  the  second  piece,  as 
shown,  Fig.  2,  for  the  metal  to  rest  on  to  make  the 
joint.  Clean  the  inside  of  this  portion  and  the 
outside  of  reduced  portion  for  the  length  of  the  joint 
required  and  tin  as  mentioned  previously,  and  while 
hot  insert  one  into  the  other  and  swreat  together,  re- 
membering to  place  any  bends  at  their  proper  angles. 
Dress  off  when  cold,  and  the  joint  should  appear 
as  in  sketch  2  A. 

The  sketch  of  the  permanent  tool  for  this  class 
of  work  consists  of  a  piece  of  angle  iron  to  the  sizes 
given  and  cut  away  on  the  slope  and  a  piece  of  strip 
on  flat  iron  welded  where  shown  for  holding  in  vice 
when  using. 
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Reducing  the  Size  of  Hole  in  a  Boss  that  has 
become  too  big  through  Use  and  which 
requires  Machining  afterwards. 

I  will  take  for  example  an  aluminium  magneto 
drive  cover  of  an  Hispano  Suiz-a  aero  engine,  very 
many  of  which  I  repaired  in  the  manner  I  am  about 
to  explain.  These  wrere  machined  afterwards,  and 
were  absolutely  perfect  when  finished. 

The  sketches  I  give  of  this  particular  article  and 
the  method  I.  used  in  making  the  jig  can  be  applied 
to  other  similar  work,  as  in  the  case  of  a  boss  to 
be  attached  to  an  existing  cast  pipe  for  a  branch 
connection,  etc.  The  jigs  are  made  as  follows  : — 

Two  sheet  iron  half  plates  J"  thick  (A  A,  Fig.  1) 
and  cut  as  in  sketch  Fig.  3.  The  projecting  pieces 
B  B  are  then  bent  as  shown  to  form  a  hinge,  as  at 
B,  Fig.  1,  and  the  side  view,  Fig.  3.  They  are  then 
placed  together,  and  a  short  piece  of  iron  rod  inserted 
into  each  side.  When  the  hinge  is  made,  fit  these 
plates  on  to  the  magneto  drive  cover,  over  the 
boss  at  the  angle  shown,  loosely  as  in  Fig.  1,  A  A  B, 
to  allow  of  an  outer  mould  or  case  to  fit  over  the 
boss  and  inside  the  curves  of  the  two  plates  A  A, 
Figs.  1  and  8. 

To  make  this  outer  mould,  take  the  outside 
circumference  of  boss,  Fig.  8,  plus  f"  at  end  for 
lap  as  sketch  Fig.  4  of  pattern  shows,  then  take 
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the  depth  of  the  boss  at  sides  D  and  front  and 
back  E  outside  Fig.  1.  Transfer  the  length  on 
to  strip,  Fig.  4,  as  shown,  allowing  J"  to  f"  along 
the  straight  edge  as  extra  depth  to  let  the  top  edge 
stand  above  the  boss,  as  shown  in  Figs.  1  and  9. 
Cut  shape  out  of  20  wire  gauge  sheet  iron,  as  in  the 
case  of  a  shape  for  a  branch  piece  or  saddle.  The 
curves  as  shown  can  be  sketched  freehand.  After  the 
pattern  is  cut  out  bend  it  round  a  mandrel  or  round 
bar  of  iron  until  the  ends  overlap,  as  shown  in  Figs.  5 
and  5a,  then  where  the  dotted  lines  are  shown  at 
Fig  4,  F,  on  each  curve,  edge  this  portion  with  the 
cross  pane  of  a  hammer  and  the  edge  of  the  mandrel 
at  the  square  end  by  stretching,  and  it  will  lie  over 
so  as  to  rest  on  the  body  when  placed  in  position 
round  the  boss,  as  shown  in  Fig.  1,  and  also  Figs.  5 
and  5a.  It  is  then  ready  to  place  in  position  later. 
Now,  whatever  the  diameter  of  hole  is  required 
inside  the  boss,  make  due  allowance  for  machining 
afterwards.  The  natural  method  is  to  make  the 
inside  mould  on  the  small  side  to  allow  of  more 
metal  being  run  between  inner  and  outer  mould. 
This  inner  mould  or  cylinder  is  made  the  full  depth 
of  D,  Fig.  1.  The  circumference  which  must  be 
on  the  small  side  is  taken,  and  an  allowance  of  about 
I"  for  overlapping  ends.  The  circumference  will 
therefore  constitute  the  length,  and  D,  Fig.  1,  the 
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depth  or  width  of  sheet  iron  20  wire  gauge  required 
for  the  inner  mould  to  be  cut  and  bent,  as  in  Figs.  6 
and  7. 

(See  PLATES  Nos.  XI  AND  XII.) 

At  this  stage  I  wish  to  say  that  when  I  made  my 
permanent  jigs  I  had  a  welding  plant  (oxy-acety) 
at  my  disposal,  and  it  enabled  me  to  make  a  strong 
joint  at  the  portions  of  plates  A  A,  Fig.  3,  inside  the 
curves  to  which  I  attached  the  outer  mould  in  half 
sections,  split  at  D  with  an  overlap  at  each  side. 
Consequently  the  jig  working  on  the  hinges  B,  Fig.  1, 
could  be  placed  on  the  job  immediately  it  was  re- 
quired. As  I  have  nob  dealt  with  the  oxy-acety 
welding  of  jigs  described  in  this  book,  I  will  mention 
here  that  where  a  welding  plant  is  available  it  is 
advisable  to  have  parts  welded,  especially  where 
there  is  a  chance  of  repetition  work  being  carried 
on,  though  in  the  first  case  in  every  job  I  undertook 
that  required  a  jig  I  made  them  by  the  methods 
I  have  described  previously.  I  found  them  very 
satisfactory,  and  the  reason  I  have  explained  the 
making  of  jigs  without  welding  is  that  many  persons 
who  are  interested  in  the  repair  of  aluminium  may 
not  be  conversant  with  the  working  of  sheet  metals. 

Now  as  to  fixing  the  magnetic  drive  cover  and 
jig  together  preparatory  to  the  burning  process, 
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I  will  explain  this  with  the  help  of  the  accompanying 
sketches. 

First  fill  the  mag  drive  cover  with  a  stiff  mass 
of  fireclay  to  bottom  of  boss  and  flush  with  each 
end  ;  next  take  the  outer  mould,  Fig.  5,  and  wash 
the  inside  with  fireclay  and  water.  Place  it  in 
position  round  the  boss  and  then  put  the  hinged 
plate  over  the  outer  mould  open.  As  you  got  it 
towards  the  bottom,  close  the  tops  inwards,  and 
it  will  bed  to  its  place,  as  shown  in  Fig.  1,  A  A  B. 
It  should,  when  put  in  position  over  the  outer 
mould,  be  on  the  tight  side,  to  grip  the  bottom  of 
the  outer  mould.  Bind  round  the  outer  mould 
half-way  up  with  J"  soft  iron  wire,  as  shown  at  4, 
Fig.  9,  secured  with  a  twist ;  place  the  whole  on  a 
piece  of  sheet  iron  about  10"  square.  Mix  a  stiff 
paste  of  fireclay  and  water  and  pub  this  all  round 
the  mag  drive  cover  and  under  the  plates  A  A 
at  either  end  and  sides,  so  that  all  the  uncle rpart 
of  the  article  is  absolutely  covered  in  fireclay, 
leaving  the  boss  and  top  of  plates  open  to 
view.  When  this  has  been  done,  wipe  all  traces 
of  fireclay  away  from  the  inside  of  boss  to  the 
bottom  and  leave  this  part  hollow.  Take  the 
inner  cylinder  and  press  it  into  the  fireclay 
right  in  the  centre  and  leave  it  standing  alone, 
the  top  edge  of  boss  say  about  f"  to  |-",  as  in 
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the  sketch  Fig.  9,  which  will  explain  all  that  is 
required. 

When  this  has  been  done  take  hold  of  the  sheet 
iron  that  you  have  already  got  the  job  on,  and 
put  the  whole  near  a  fire  to  dry  gradually ;  and  if 
during  the  drying  process  the  fireclay  cracks,  get 
a  small  brush  and  put  a  soft  mixture  of  fireclay 
and  water  on  the  cracks  to  fill  them  up.  When  the 
whole  is  absolutely  dry,  say  in  a  couple  of  hours,  it 
is  then  ready  for  the  burning  process,  which  I  will 
explain  later.  My  reason  for  fixing  the  aluminium 
cover  in  this  way  is  that  the  plates  A  A  set  to  the 
angle  they  are,  and  the  fireclay  as  shown,  protect 
the  flange  at  one  end  and  the  threaded  portion 
at  the  other,  diverting  the  flame  of  blowpipe  or 
lamp  from  these  parts  and  keeping  the  heat  where 
it  is  absolutely  necessary.  If  the  operator  will 
study  Fig.  9,  he  will  see  that  when  the  flame  is  playing 
on  the  top  portion  of  boss  and  jig  the  heat  is  con- 
centrated all  round  the  boss,  and  this  is  what  is 
required,  while  the  centre  part,  being  left  hollow, 
allows  the  heat  to  keep  the  inner  mould  hot  right 
to  the  bottom.  This,  when  the  molten  alloy  is 
added,  is  a  great  asset,  as  it  can  be  kept  in  a  molten 
state  between  inner  and  outer  moulds  until  the 
job  is  finished. 

Next  prepare  the  melting-pot  and  ladle  for  melting 
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the  alloy,  wash  the  inside  and  outside  with  fireclay 
and  water  and  dry  off,  then  put  into  pot  sufficient 
of  No.  2  alloy,  tin  zinc  and  aluminium  2-2-3,  to 
do  the  job,  and  put  the  pot  on  the  fire  to  melt  while 
you  are  heating  the  whole  of  the  mag  drive  cover, 
enclosed  with  jig  and  fireclay. 

Place  the  whole  job  already  on  the  sheet  iron  about 
18"  off  the  floor  on  firebricks,  or  anything  of  like 
height  that  will  not  burn,  so  as  not  to  tire  the  arms 
while  holding  the  lamp  or  blowpipe.  Open  the 
flame  out  on  the  top  of  the  inner  mould,  with  the 
flame  directed  downwards  to  melt  the  top  edges 
of  the  boss  between  the  moulds  of  sheet  iron,  not 
forgetting  to  keep  an  eye  on  the  metal  alloy  in  the 
pot  on  the  fire.  Keep  the  flame  going  on  the  job 
until  you  perceive  the  top  edge  of  boss  beginning 
to  fall  away  in  a  semi-molten  condition,  and  at 
this  stage  take  the  poker  and  use  the  end  lightly 
and  help  the  edges  to  break  away.  Lay  aside  the 
poker  for  awhile  and  take  a  little  of  the  molten 
alloy  from  the  pot  on  the  fire  with  the  ladle  and 
pour  in  the  space  between  the  inner  and  outer 
mould  and  return  the  ladle  to  the  side  of  the  fire 
to  keep  hot.  Open  the  flame  of  blowpipe  or  lamp 
out  as  hard  as  it  will  go,  and  with  the  aid  of  poker 
again,  puddle  the  alloy  and  molten  metal  of  the 
casting  together,  lightly  and  quickly  traversing 
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all  round  the  ring  of  the  now  molten  metal.  When 
it  is  running  fluid  lay  aside  the  poker  and  fill  up 
the  space  between  the  inner  and  outer  moulds  to 
the  top  of  the  jig,  and  then  run  the  poker  end  lightly 
round  the  ring  of  molten  metal,  and  any  foreign 
matter  or  oxide  that  has  formed  during  this  process 
will  rise  to  the  surface  and  can  be  removed  by  passing 
the  poker  horizontally  across  the  top  of  jig,  which 
action  will  cause  the  oxide  or  scum  to  form  in  front 
of  poker  and  be  pushed  right  off  the  job.  Lower 
the  flame  of  the  lamp  or  pipe  a  little  and  look  for 
the  shrinkage  which  will  take  place,  adding  a  little 
more  metal  if  required  from  the  pot  or  the  metal 
strip  No.  1.  It  makes  no  difference  which  is  used. 
Use  the  flame  again  ;  then  when  there  are  no  more 
signs  of  settling  down,  lower  the  flame  a  little  and 
allow  the  job  to  cool  in  the  heat  from  the  flame, 
by  placing  the  lamp  or  pipe  a  short  distance  away 
and  securing,  with  the  heat  directed  towards  the 
object.  After  about  ten  minutes  or  quarter  of 
an  hour,  lower  the  flame  still  more  just  to  allow 
of  a  current  of  heated  air  to  surround  the  article, 
and  after  about  another  ten  minutes  has  passed 
put  the  flame  out  and  let  the  job  cool  right  out. 
When  it  is  cold,  and  the  jig  is  taken  asunder  and 
the  fireclay  is  cleaned  from  outside  and  inside,  you 
should  find  that  it  is  a  good  job. 
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Notes. 

When  you  commence  to  take  the  fireclay  from 
the  inside  of  the  cover  you  may  find  that  a  little 
metal  has  run  down  inside  between  body  of  article 
and  fireclay.  This  will  break  away  if  you  will  take 
a  small  chisel  and  insert  it  between  the  metal  and 
inner  side  of  body  and  put  a  thin  piece  of  wood  be- 
tween body  and  chisel  to  prevent  marking  the  article 
or  cutting  it  on  the  inside.  Tap  the  chisel  lightly, 
and  the  spare  metal  will  commence  to  break  away 
to  the  bottom  of  the  repaired  boss,  as  this  metal 
cannot  adhere  to  any  part  of  the  body  inside,  owing 
not  only  to  the  fireclay  coating  which  is  dried  on 
the  metal,  but  also  the  oxide  that  forms  during  the 
application.  This  forms  a  projecting  surface  for 
the  surfaces  not  in  contact  with  the  reducing  flame 
of  lamp,  and  if  the  metal  does  run  between  it  is 
only  a  shell  and  easily  broken. 

To  remove  Paint  or  Oil  from  Aluminium  in 
Addition  to  the  Heat  Treatment  previously 
described. 

A  small  bath  or  bucket  of  hot  water  and  caustic 
soda  will  remove  paint,  etc.,  from  either  sheet  or 
castings.  Wash  well  in  hot  clean  water  afterwards, 
but  take  care  not  to  touch  either  hands  or  clothes 
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with  the  solution,  or  it  will  burn  the  skin  or  rot  the 
clothes.  Dipping  articles  in  this  way  is  best  done 
by  securing  the  jobs  with  iron  wire  to  hold  them 
until  washed  off.  I  found  that  caustic  soda  is 
inclined  to  blacken  aluminium  slightly,  but  the 
blackened  portion  can  be  cleaned  with  scraper 
or  file  before  tinning,  etc. 

Hydrochloric  acid  or  spirits  of  salts,  as  it  is  most 
generally  known,  is  not  advised  as  a  cleaning  agent, 
as  it  dissolves  the  aluminium,  but  it  may  be  used 
with  other  metals  which  are  to  be  attached  to 
aluminium,  as  I  shall  explain  later. 

Sulphuric  acid  also  dissolves  aluminium. 

Nitric  acid  attacks  aluminium  slowly  when  heated. 
I  have  mentioned  these  three  acids  as  they  are 
very  commonly  used  in  workshops.  I  wish  to  warn 
operators  against  their  use  in  connection  with  alu- 
minium. They  serve  no  good  purpose,  and  are  very 
dangerous  to  meddle  with,  unless  thoroughly  under- 
stood. I  have  dealt  with  them  because  anyone 
accustomed  to  ordinary  soldering  commencing  to 
experiment  in  the  repair  of  aluminium  is  inclined  to 
go  right  for  the  acids  as  a  starting-point,  knowing 
that  killed  spirits  and  other  fluxes  are  used  for 
soldering  other  metals,  with  very  disappointing 
results. 
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Filling  of  Bolt  Holes  and  also  Holes  in  Castings 
that  have  been  tapped,  which  have  be- 
come too  big  through  Ordinary  Wear  and 
Tear,  with  No.  1  Alloy  Sweating  Process. 

First  drill  the  hole  out  a  size  or  two  larger  with 
a  file  to  clear  the  thread  right  out  or  to  round  up 
any  irregularities  there  may  be.  Then  take  the 
sharp  edge  off  round  the  hole  at  both  ends  or  at 
one  end  as  the  case  may  be.  If  the  article  has 
been  subjected  to  oil,  grease,  etc.,  remove  by  heating 
locally  as  mentioned  previously,  then  clean  with 
file  or  scraper  for  a  small  distance  round  the  edges 
of  hole  and  inside.  Remove  any  burnt  refuse,  and 
commence  to  tin  all  the  parts  already  cleaned,  so 
that  after  the  tinning  is  satisfactorily  done  a  body 
of  metal  alloy  can  be  built  up  on  the  top  of  hole. 

Before  you  commence  to  load  up  with  alloy, 
place  a  small  piece  of  sheet  iron  on  the  under  side 
of  hole  and  melt  the  strip  so  that  it  will  run  through 
from  the  top  side.  When  sufficient  has  been  melted 
on  the  top  to  form  a  small  body  of  metal  over  and 
above  the  surface  surrounding  the  hole,  dress  this 
metal  on  the  top  side  with  the  spatula  and  allow 
it  to  cool  until  it  acts,  then  turn  over  and  continue 
the  loading  on  the  reverse  side  if  necessary.  It 
is  advisable  to  leave  a  pad  of  metal  on  both  sides 
to  be  dressed  flush  with  surrounding  parts  when  cold 
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with  a  file  and  emery  cloth.     For  tinning  and  loading 
refer  to  that  heading  under  Sweating  Process. 

On  filling  Articles  with  Fireclay. 

When  articles  require  to  be  reinforced  with  fire- 
clay, mix  it  into  a  stiff  mass  with  water  and  press 
the  substance  into  any  nook  or  crevice  inside  or  out 
as  may  be  required ;  then  take  a  piece  of  thin  wire  and 
probe  into  the  fireclay  in  several  places,  so  as  to  make 
air  passages  for  the  vapour  to  escape  when  drying 
the  job  before  the  Burning  Process  is  commenced. 

It  will  often  be  noticed  that  when  hot  metal 
has  been  run  into  jobs  filled  with  fireclay  and  allowed 
to  cool,  that  some  of  the  molten  metal  has  found 
its  way  between  the  fireclay  and  casting.  This 
shell  of  metal  is  very  easily  removed  with  a  small 
chisel  or  hammer,  not  forgetting  to  put  a  thin 
piece  of  wood  between  the  chisel  and  casting  to 
prevent  cutting  or  marking,  and  this  shell  will 
break  away  very  easily,  as  I  have  explained  previously 
when  dealing  with  mag  drive  cover. 

Repairing  an  Aluminium  Saucepan  (putting  in 
a  New  Bottom  with  Aluminium  or  Copper 
Sheet). 

Cut  the  old  bottom  out  and  dress  off  the  edge 
all  round,  then  throw  a  lip  ^"  off  all  round  at  right 
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angles  to  the  sides  with  a  tinsmith's  jenny,  if  in 
possession  of  one  ;  if  not,  with  a  hammer,  the  cross 
pane  of  which  should  be  fairly  broad.  This  is  to 
stretch  the  edge  of  the  metal  so  that  it  will  not 
crack ;  when  this  has  been  done,  cut  the  circle  of 
sheet  aluminium  or  copper  (whichever  is  going  to  be 
used)  about  20  or  22  W  G,  f "  larger  than  the  diameter 
of  the  edged  pan  bottom.  Then  throw  up  all  round 
this  circle  a  fg-"  edge  so  that  it  will  go  over  the 
bottom  of  saucepan  with  a  jenny,  or  if  not  with 
a  wooden  mallet  and  the  round  end  of  a  mandrel 
or  a  half -moon  stake. 


Dealing  with  the  Case  of  an  Aluminium  Bottom. 

Clean  the  edges  of  the  saucepan  with  a  piece 
of  card  wire  or  emery  cloth  inside  and  out  and  for 
a  distance  of,  say,  ^"  to  ¥  up  the  sides.  Then  clean 
the  edge  all  round  the  aluminium  bottom  about 
y  from  the  edge  thrown  up  inside  and  out  and  tin 
the  cleaned  parts  wifch  No.  1  alloy  and  scraper,  as 
mentioned  previously.  When  tinned,  scrape  off  all 
particles  of  oxide  or  foreign  matter  that  may  have 
collected  on  the  edges  and  allow  to  cool  off.  When 
cold  put  the  saucepan  into  the  edged  bottom  and 
heat  the  edge  of  bottom  once  on  to  the  edge  of  the 
sides  When  it  lies  flat,  place  the  pan  on  the  end 
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of  a  mandrel  and  beafc  this  remaining  edge  over 
again  on  the  sides,  as  in  Fig.  4,  under  heading  Lap 
Joints.  Then,  when  this  is  laid  over  all  round, 
proceed  to  sweat  strip  alloy  No.  1  inside  the  corner 
all  round  the  joint  with  the  aid  of  flame  and  end 
of  spatula.  This  will  make  the  joint  quite  smooth 
all  round.  While  holding  the  pan  in  the  heat  of 
the  flame  of  lamp  or  blowpipe  outside,  which  should 
not  be  held  too  long  in  one  spot,  neither  should 
the  flame  be  too  big,  the  pan  should  be  rotated  in 
the  flame  slowly  while  the  sweating  process  is  being 
carried  on.  When  traversed  all  round,  allow  to  cool. 

I  will  now  take  the  case  of  a  COPPER  bottom. 
After  it  has  been  edged  up  all  round  and  cleaned 
on  both  sides,  you  will  require  a  strip  of  ingot  tin 
and  killed  spirits  of  salts.  When  tinned  all  over, 
wipe  off  all  surplus  metal  with  a  piece  of  clean  rag 
and  plunge  the  bottom  in  a  pail  of  hot  clean  water 
to  remove  all  traces  of  acids  from  the  job. 

If  sal-ammoniac  is  used,  as  is  always  advisable 
in  the  case  of  cooking  vessels  being  repaired,  wash 
the  already  cleaned  copper  bottom  with  cold  water 
and  sprinkle  a  little  of  the  pulverized  sal-ammoniac 
all  over.  Then  heat  up  and  apply  strip  of  ingot 
tin,  and  when  tinned  wipe  all  surplus  tin  off  and 
plunge  into  hot  clean  water  to  remove  the  substances 
left  by  the  tinning. 
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After  the  copper  has  been  tinned,  whether  killed 
spirits  or  sal-ammoniac  has  been  used,  and  the  acids 
and  other  foreign  substances  have  been  washed  in 
hot  water,  you  will  have  to  retin  all  round  the  inner 
edges,  for  a  distance  of  J"  inside  the  turned-up 
portion,  with  strip  alloy  No.  1.  Do  not  allow  this 
metal  to  come  in  contact  with  any  acids  or  any  acids 
to  come  into  contact  with  the  job  or  metal  after 
the  tinning  is  finished  in  the  first  case. 

When  using  the  alloy  strip  you  will  find  that  it 
will  need  very  little  assistance  from  scraper  to 
make  it  flow  all  round  the  previously  tinned  bottom. 
Clean  all  surplus  metal  from  the  corner  after  the 
flame  is  traversed  around  the  edge,  and  allow  to 
cool  down. 

When  the  bottom  has  cooled  and  the  edge  of  the 
saucepan  is  tinned,  put  the  bottom  on  and  beat 
the  edge  of  the  bottom  over  on  the  lip  of  the  sides  ; 
then  continue  to  beat  this  edge  over  again,  as  in 
Fig.  4  (Lap  Joints).  Proceed  to  sweat  the  strip 
alloy  all  round  the  inside  joint,  dressing  with  the 
end  of  spatula  as  the  metal  is  molten  and  rotating 
the  pan  in  the  flame,  which  should  play  outside. 
Do  not  keep  the  flame  in  one  place  too  long,  and 
after  the  whole  joint  has  been  traversed  around, 
allow  the  pan  to  cool  out.  Fill  up  with  clean  cold 
water  and  bring  this  to  the  boil  to  remove  from 
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the  inside  all  traces  of    foreign  matter  which  may 
have  collected.     It  is  then  ready  for  use. 

Withdrawing  Steel  Liner  from  an  Aluminium 
Casting  such  as  an  Internal  Combustion 
Engine  Cylinder,  whether  the  Liner  has 
been  pressed  in  or  the  Outer  Casing  of 
Aluminium  has  been  shrunk  on. 

Taking  this  as  an  example,  the  method  is  as  follows  : 
Place  the  cylinder  on  a  couple  of  firebricks  a  few 
inches  off  the  floor  and  end  up.  Light  the  lamp 
or  blowpipe  and  direct  the  flame  on  the  outer  casing 
and  travel  all  round  as  evenly  as  possible  (remembering 
not  to  play  the  flame  too  long  in  one  spot)  until 
the  whole  is  sufficiently  heated  and  rather  too 
hot  for  holding  with  the  hands.  This  is  about 
the  heat  that  will  turn  a  piece  of  white  paper 
brown  or  black  when  placed  on  the  aluminium, 
and  I  may  mention  here  that  this  test  is 
generally  used  when  annealing  or  softening  aluminium 
or  zinc  sheet  in  working  up  articles  in  these 
metals. 

When  the  outer  case  has  been  tested  for  heat 
as  mentioned,  lower  the  flame  and  take  the  cylinder 
up  with  a  piece  of  sacking,  placing  the  whole  in  a 
vice,  the  sacking  being  left  round  so  as  to  prevent 
the  casing  from  getting  damaged  in  the  vice  jaws. 
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Lightly  secure  so  that  it  will  not  fall  out  of  vice,  and 
with  a  pair  of  tongs  or  pliers  grip  the  lip  of  the  liner 
and  try  to  withdraw  it  from  the  casing.     If  it  will 
not  move,  take  it  out  of  vice  and  heat  again  and 
replace  in  vice  with  the  sacking  still  round.     Take 
a  chisel  with  a  thin  cutting  edge  and  insert  between 
the  lip  of  liner  and  the  outer  case,  and  lightly  tap 
the  chisel  with  a  hammer  to  get  a  start.     It  should 
not  be  necessary  to  use  a  chisel  in  every  case,  for 
if  the  outer  case  is  heated  correctly  the  liner  should 
slip  out  easily  and  quickly,  but  on  occasions  it  will 
stick   at   the  start,  and   on   other   occasions   it    will 
stick  half-way  out.      When  a  start  has  been  made, 
the  application  of    a  little  oil  after  heating  at  the 
joint   of   liner   and   case   will   help   considerably.     I 
have  also  used  a  piece  of  sacking  previously  damped 
(but   not   running    with   water)    and   placed    inside 
the  liner.     This  will  assist  when  run  round  inside, 
as  the  cold  water   on   the  sack  will   cause   the  liner 
to   contract   and  come  away   quickly.     Where  it  is 
the   case   that  the  liner  sticks,  it   will  generally  be 
found  to  be  a  case  of  slight  rusting  on  the  outside 
of  the  liner.     A  little  oil  will  assist  in  its  removal, 
but  as  a  rule  you  should  not  have  any  trouble  in 
this   respect   unless  the   cylinder  has   been  laid   on 
one  side  for  a  considerable  length  of  time  in  a  damp 
place. 
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Inserting  a  Brass  Bush  in  an  Aluminium  Cast- 
ing, applicable  to  the  Machined  Parts 
and  in  Gases  where  the  Brass  Bushes 
already  in  Place  have  become  loose  in 
working. 

Take  the  bush  out  by  pressing  or  drive  it  out 
with  a  small  piece  of  hard  wood  and  a  hammer, 
previously  placing  a  hard  wood  block  with  a  hole 
sufficiently  large  for  the  bush  to  pass  through 
behind  the  casting.  When  the  bush  is  out,  clean 
the  hole  of  any  dirt,  grease,  or  oil  by  heating  locally, 
as  mentioned  previously,  and  while  the  aluminium 
article  is  cooling  down  take  the  brass  bush,  whether 
an  old  one  or  a  new  one  is  to  be  used,  and  tin  the 
outside  and  the  edges  with  ingot  tin  and  killed 
spirits.  Allow  it  to  cool  off  after  washing  away 
in  hot  clean  water  all  traces  of  foreign  matter ; 
then  reheat  and  retin  with  strip  alloy,  mentioned 
in  previous  article,  without  the  use  of  any 
acids,  afterwards  scraping  off  any  surplus  metal  to 
finish. 

Then  take  up  the  casting  and  clean  off  any  deposit 
from  around  and  inside  the  hole  and  tin  these  parts 
with  alloy  No.  1,  as  mentioned  under  Tinning  Treat- 
ment of  Castings,  etc.  As  the  tinning  progresses 
clean  up  behind  the  flame  any  surplus  metal  or 
oxide,  and  while  this  is  in  progress  slightly  warm 
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the  bush  and  place  it  in  position.  Put  a  piece  of 
wood  on  the  top  of  the  bush  and  tap  it  smartly 
into  its  allotted  place.  When  this  has  been  done 
melt  a  little  metal  strip  around  the  division  between 
bush  and  casting  and  allow  to  cool ;  then  turn 
over  and  see  if  the  reverse  side  is  all  right  ;  if  not, 
melt  a  little  strip  metal  on  this  side  also.  Scrape 
off  any  oxide  or  surplus  metal  and  allow  the  job 
to  cool  down  in  the  heat  from  the  flame  or  blowpipe 
or  lamp.  When  cold,  dress  off  the  edges  with  file 
or  scraper. 

General  Remarks. 

With  regard  to  alloys  mentioned  in  this  book 
and  the  uses  of  sheet  iron  jigs  and  the  reinforcement 
of  parts  with  fireclay  in  the  repair  of  aluminium 
castings,  I  have  aimed  at  two  objects — to  offer 
a  solution  of  the  difficulties  commonly  met  with 
in  repairing  aluminium  castings,  and  to  suggest 
methods  which  do  this  work  effectively,  thereby 
avoiding  the  necessity  of  replacing  costly  parts. 
It  has  often  been  remarked  on  that  no  satisfactory 
solder  has  been  made  for  aluminium  repair  work. 
This  is  largely  because  the  copper  bit,  commonly 
used  in  soldering  other  metals,  cannot  be  employed 
with  any  success.  I  have  not  used  the  expression 
"  soldering  "  aluminium  in  the  above  explanations 
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as  it  would  convey  a  wrong  impression,  suggesting 
to  everyone  accustomed  to  soldering  other  metals 
that  the  copper  bit  and  fluxes  were  employed  with 
aluminium  also.  When  I  first  tried  my  hand,  I 
naturally  used  the  copper  bit.  The  results  were 
very  disappointing.  I  found  not  only  that  I  could 
not  keep  the  heat  to  successfully  melt  the  metal 
alloy  to  tin  the  surfaces  for  repair,  but  that  the  copper 
bit  was  being  attacked  both  by  the  zinc  and  aluminium 
which  pitted  the  end.  The  result  was  a  combining 
of  the  zinc,  aluminium  and  copper,  to  the  formation 
of  a  very  brittle  brass  end,  owing  to  the  amount  of 
heat  required  to  bring  the  copper  bit  to  a  tempera- 
ture sufficient  to  melt  the  metal  alloy.  When 
this  melted  it  was  all  oxidized,  and  would  not  take 
on  any  surface.  Consequently  the  copper  bit  was 
useless  for  any  other  work  until  the  end  had  been 
cut  off  and  drawn  out  afresh. 

With  regard  to  sweating  and  burning  with 
the  use  of  jigs,  I  have  found  the  methods  which 
I  have  explained  absolutely  satisfactory.  In  the 
case  of  castings  which  have  been  repaired  by 
these  processes  it  has  been  found  that  in  cases 
where  these  are  subjected  to  pressure  of  oil  under 
working  conditions,  they  will  stand  upwards  of 
100  Ib.  per  square  inch,  as  for  example  in  the 
case  of  aero  engines.  Moreover,  if  repairs  to 
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crank  cases  and  sumps  of  these  engines  had  not 
been  satisfactory,  the  testing  of  the  engines  before 
actual  use  in  the  field  would  immediately  have  re- 
vealed any  defect  in  the  repaired  part,  as  under 
working  conditions  these  engines  develop  consider- 
able oil  pressure,  heat  and  vibration.  Any  crack 
or  break  in  the  repaired  part,  therefore,  would 
allow  the  oil  to  force  its  way  through.  Where 
a  man's  life  depended  on  the  running  of  the 
engine,  it  is  safe  to  say  that  if  any  repaired 
part  had  shown  any  defects  on  test  the  article 
would  have  been  scrapped  without  hesitation. 

Whatever  may  be  the  composition  of  any  casting, 
the  operator  may  proceed  with  confidence,  as  any- 
one can  make  a  successful  repair  by  following 
the  instructions  I  have  given,  always  remem- 
bering that  in  loading  up  after  sweating,  where 
a  jig  of  sheet  iron  is  used  for  the  burning  process, 
you  have  a  surplus  of  metal  on  the  repaired 
part  which  can  be  left  on  for  strengthening  or 
can  be  machined  or  dressed  off  with  files,  etc., 
as  desired. 

Economy  and  effectiveness  are  always  the  main 
considerations  when  repairs  are  required,  and  my 
object  in  writing  this  brief  treatise  has  been  to  put 
into  the  hands  of  those  who  may  desire  it  sufficient 
practical  information  to  enable  them  to  execute 
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these    repairs    soundly    and    cheaply,    without    the 
necessity  of  replacing  the  defective  parts. 

I  trust  that  the  foregoing  instructions  will  be 
found  useful  and  give  the  confidence  necessary  in 
undertaking  the  repair  of  aluminium  and  the  other 
metals  commonly  used  with  it. 
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Building  Inspection.     Purchase.     Crown  8vo 3s  6d 

Building  :  Art  of.  Allen.  Crown  8vo  .  .  New  Edition  Nearly  Ready 
Building — Every  Man  His  Own  Builder.  Samson.  Demy  8vo .  .  15s 
Bungalow  Residences.  Harrison.  Demy  8vo  .  .  .  .  7s  6d 
Cabinet  Maker's  Guide.  Bitmead.  Crown  8vo  .  .  .  .  3s  6d 
Calculator,  Number,  Weight  and  Fractional.  Chadwick.  8vo  .  .  25s 

Calculator  (Weight).     Harben.     Royal  8vo £1  5s 

Carburation.  Brewer.  Demy  8vo  .  .  .  .  New  Ed.  Preparing 
Carburettors  :  Gasolene  and  kerosene.  Page.  Crown  8vo  .  .  12s 

Carpentry  and  Joinery.    Tredgold.     Crown  8vo 6s 

Chemical  Analysis  (Standard  Methods  of).  Scott.  Royal  8vo  .  52s  6d 
Chemistry  (Applied).  Tinkler  and  Masters.  Medium  8vo  .  .  12s  6d 
Chemistry  (The  Elements  of).  Bassett.  Crown  8vo  ....  6s 
Chemistry  for  Army  and  Matriculation  Candidates.  Martin. 

Crown  8vo 2s  6d 

Chemical  Technology  (Manuals  of).     Edited  by  Martin.     Royal  8vo 

I.  Dyestuffs  and  Coal-Tar  Products 9s 

II.  The  Rare  Earth  Industry 9s 

IV.  Chlorine  and  Chlorine  Products 9s 

V.  Sulphuric  Acid  and  Sulphur  Products 9s 

VI.  The  Salt  and  Alkali  Industry       .       .       .       ....     9s 

VII.  Industrial  Gases 9s 

VIII.  The  Minor  Elements •  In  Preparation 

IX.  Oils,  Fats  and  Waxes 12s  6d 

X.  Perfumes,  Essential  Oils  and  Fruit  Essences    .       .       .12s  6d 
Chemistry — Industrial    and    Manufacturing    Chemistry  :     Part    L — 

Organic.     Martin.     Royal  8vo £1  16s 

Chemistry — Industrial   and    Manufacturing    Chemistry  :     Part   II. — 

Inorganic.     Martin.     Royal  8vo.     In  2  Volumes.     Per  vol.       .    28s 
Civil  Engineering  Geology.     Fox.     Royal  8vo        .  .       .       .18s 

All  Published  Prices  are  net. 
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Civil  Engineering  Types  and  Devices.    Barber.    Demy  8vo       .       .     9s 

Clerk  of  Works.    Metson.     Crown  8vo 3s  6d 

Clock  Repairing  and  Making.  Garrard.  Crown  8vo  ....  6s 
Coal  and  Iron  Industries  of  the  United  Kingdom.  Meade.  Svo  £1  8s 

Coal  Mining.     Glover.     Crown  Svo 2s 

Coal  Mining,  Practical.     Cockin.     Crown  Svo 6s 

Coal  Mining  Notes  and   Formulae   for   Students.     Merivale.     Small 

Crown  Svo 3s  6d 

Cocoanut  Cultivation.  Coghlan  and  Hinchley.  Sm.  Crown  Svo  .  4s 
Coffee  :  Cultivation  and  Preparation.  Ugarte  .  .  In  Preparation 
Coking  Practice.  Byrom  and  Christopher — 

Volume  I.  Raw  Materials  and  Coke.     Demy  Svo         .       .     10s  6d 

Volume  II.  By-Products.     Demy  Svo 10s  6d 

Colliery    Working     and     Management.      Bulman    and    Redmayne. 

Medium  Svo New  Ed.  Preparing 

Colorimetric  Analysis.    Snell.     Demy  Svo 10s  6d 

Commerce,  Lessons  in.     Gambaro.     Crown  Svo 5s 

Commercial  Correspondent,  Foreign.  Baker.  Crown  Svo  .  .  7s  6d 
Compressed  Air  Work  and  Diving.  Boycott.  Medium  Svo  .  10s  6d 
Concrete  :  its  Nature  and  Uses.  Sutclifie.  Crown  Svo  .  .  10s  6d 
Concrete  for  House,  Farm,  and  Estate.  Ballard.  Demy  Svo  .  3s  6d 
Confectioner,  Modern  Flour.  Wells.  Crown  Svo  ....  2s 
Confectionery,  Ornamental.  Wells.  Crown  Svo  .  .  .  .  7s  6d 

Continuous  Railway  Brakes.     Reynolds.     Svo 9s 

Controllers  for  Electric  Motors.    James.     Demy  Svo    .       .       .       .21s 

Cotton  Industry.     Crabtree.     Crown  Svo 6s 

Creation,  The  Twin  Records  of.    Le  Vaux.     Svo 5s 

Curves,  Tables  of  Tangential  Angles  and  Multiples.  Beazeley  .  .  5s 
Dairying  (British  and  Colonial).  Sutherland  Thomson.  Demy  Svo  9s 
Dairying  Industry.  Sutherland  Thomson.  Demy  Svo  .  .  10s  6d 
Dampness  in  Dwelling  Houses.  Blake.  Crown  Svo  .  .  Nearly  Ready 

Dangerous  Goods.     Phillips.     Crown  Svo 10s  6d 

Decorator's  Assistant.     Small  Crown  Svo 2s  6d 

Deep-Level  Mines  of  the  Rand.     Denny.     Royal  Svo  .       .       .       .25s 

Dentistry  (Mechanical).    Hunter.    Crown  Svo 6s 

Diesel  or  Slow-Combustion  Oil  Engine,  Wells  &  Wallis-Tayler.    Svo 

New  Ed.  Preparing 

Drawing.     Pyne.     4to 8s  6d 

Dredges  and  Dredging.     Prelim.     Royal  Svo 24s 

Drilling  for  Gold  and  Other  Minerals.    Denny.    Medium  Svo  .     12s  6d 

Dynamics  (Notes  on).    Thomas.    Demy  Svo 6s 

Dynamo  (How  to  Make).  Crofts.  Crown  Svo  .  .  .  .  2s  6d 
Dynamos  (Alternating  and  Direct  Current).  Sewell.  Lge.  Cr.  Svo  7s  6d 
Dynamos  (Management  of).  Lummis-Paterson.  Crown  Svo  .  .  6s 
Earthenware,  The  Manufacture  of.  Sandeman.  Crown  Svo  .  .  12s 
Earthwork  Diagrams.  Erskine-Murray  and  Kirton.  5s  ;  mounted,  7s  6d 

Earthwork  Manual.     Graham.     iSmo 3s  6d 

Earthwork  Tables.     Broadbent  and  Campin.     Crown  Svo  .       .       .6s 
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Earthwork  Tables.     Buck.     On  a  sheet 3s  6d 

Electric  Light.     Urquhart.     Crown  8vo 7s  6d 

Electric  Light  Fitting.  Urquhart.  Crown  8vo  .  .  .  Nearly  Ready 
Electric  Light  for  Country  Houses.  Knight.  Crown  8vo  .  .  Is  6d 
Electric  Lighting  and  Starting  for  Motor  Cars.  Cross  Demy  Svo 

New  Ed.  Nearly  Ready 

Electric  Lighting  and  Heating.  Walker.  Fcap.  Svo  .  .  .  .  5s 
Electric  Motors.  Crocker  and  Arendt.  Medium  Svo  ....  21s 

Electric  Power  Conductors.     Perrine.     Medium  Svo 21s 

Electric  Power  Stations.     Klingenberg.     Crown  4to      ....    28s 
Electric  Power  Station :  A  130,000-Kilowatt  Power  Station.     Klingen- 
berg.    Crown  4to Nearly  Ready 

Electric  Ship-Lighting.  Urquhart.  Crown  Svo  .  .  .  .  8s  6d 
Electric  Spark  Ignition  in  Internal  Combustion  Engines.  Morgan. 

Medium  Svo 6s 

Electric    Traction     and     Transmission    Engineering.    Sheldon    and 

Hausmann.     Large  Crown  Svo .    21i 

Electric  Wiring  Diagrams  and  Switchboards.  Harrison.  Crown  Svo  .  15s 
Electrical  Calculations  (Elementary).  Sloane.  Crown  Svo  .  .  15s 
Electrical  Circuits  and  Connections.  Bowker.  Medium  Svo.  .  .  15s 
Electrical  Dictionary.  Sloane.  Large  Crown  Svo  .  .  .  .21s 
Electrical  Engineering  (Elementary).  Alexander.  Crown  Svo  .  .  5s 
Electrical  Engineering.  Sewell.  Large  Crown  Svo  .  .  .  7s  6d 
Electrical  Horology.  Langman  and  Ball.  Crown  Svo  .  .  7s  6d 
Electrical  Installation  Work.  Havelock.  Demy  Svo  .  .  .  .15s 
Electrical  Transmission  of  Energy.  Abbott.  Royal  Svo  .  .  .  80s 
Electrical  Transmission  of  Energy — Three-Phase  Transmission. 

Brew.     Demy  Svo 9s 

Electrical  and  Magnetic  Calculations.  Atkinson.  Crown  Svo  .  .  12s 
Electricity  as  Applied  to  Mining.  Lupton.  Medium  Svo  .  .  12s  6d 
Electricity  in  Factories  and  Workshops.  Haslam.  Large  Cr.  Svo  .  8s  6d 

Electro-Plating.     Urquhart.     Crown  Svo 7s  6d 

Electro-Plating.     Watt.     Crown  Svo 5s 

Electro-Plating  and  Electro-Refining  of   Metals.    Watt  and  Philip. 

Large  Crown  Svo 15s 

Electro-Typing.     Urquhart.     Crown  Svo 5s 

Embroiderer's  Book  of  Design.  Delamotte.  Oblong  Svo  ...  3s 
Engineering  Chemistry.  Phillips.  Crown  Svo  .  New  Ed.  Preparing 
Engineering  Drawing.  Maxton  and  Maiden.  Crown  Svo  .  8s  6d 
Engineering  Estimates,  Costs,  &  Accounts.  A  General  Manager.  Svo  9s 
Engineering  Progress  (1863-6).  Humber.  Imperial  4to,  half 

morocco  ....  Price    £12  12s  ;    each  volume,    £3  3s 

Engineering  Workshop  Handbook.  Pull.  Royal  i6mo  .  3s  6d 
Engineer's  Handbook  (Practical).  Hutton.  Medium  Svo  .  .  .21s 
Engineer's  Measuring  Tools.  Pull.  Crown  Svo  .  .  .  .  4s  6d 
Engineer's,  Mechanic's,  Architect's,  Builder's,  &c.,  Tables  and 

Memoranda.     Smith.     Waistcoat-pocket  size        New  Ed.  Preparing 
Engineer's  and  Millwright's  Assistant.    Templeton.     iSmo        .       .     3s 
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Engineer's  Year-Book.  Kempe.  Crown  8vo  .  .  Annually  30s 
Engineering  Standards  Association's  Reports  and  Specifications. 

Separate  List  on  Application 

English  Literature,  A  Handbook  of.  Dobson.  Crown  8vo  .  .  5s 
Entropy  as  a  Tangible  Conception.  Wheeler.  Demy  8vo  .  8s  6d 
Excavation  (Earth  and  Rock).  Prelini.  Royal  8vo  .  .  .  .21s 
Explosives — High  Explosives.  Colver.  Royal  8vo  .  .  .  £3  3s 
Explosives — Nitro-Explosives.  Sanford.  Demy  8vo  .  .  .  .12s 
Factory  Accounts.  Garcke  and  Fells.  Demy  8vo  .  ...  .  15s 

Farm  Account  Book.    Woodman.     Folio 10s  6d 

Farm  Gas  Engines.     Brate.     Crown  8vo 6s  6d 

Farmers'     Tables    and    Memoranda.      Francis.     Waistcoat-pocket 

size 2s  6d 

Farmers'  Labour  and  Account  Book.     Dalley.     Fcap.  Folio      .       .     6s 

Farming,  Practical.     Shepherd.     Demy  8vo 5s 

Fertilisers  and  Feeding  Stuffs.  Dyer.  .  .  .  New  Ed.  Preparing 
Fertilizing  Materials,  Mining  and  Manufacture.  Lloyd.  Crown  8vo  12s 

Fire  Protection  in  Buildings.     Holt.     Demy  8vo 9s 

Forcing  Garden.    Wood.     Crown  8vo 4s 

Foreshores.     Latham.     Crown  8vo 2s  6d 

Forestry,  Practical.     Curtis.     Crown  8vo 6s 

Forestry  :  Complete  Yield  Tables  for.  Maw.  Oblong  .  .  7s  6d 
French  Conversation,  Guide  to.  De  Fivas.  samo  .  .  .  2s  6d 
French  Grammar  :  De  Fivas'  New  Grammar  of  French 

Grammars 2s  6d 

Key  to  the  Above 3s  6d 

French  Grammar,  Elementary.     De  Fivas.     Crown  8vo      .       .       Is  6d 
French  Language  :  Introduction.    De  Fivas.     Crown  8vo  .       .       2s  6d 
Fretcutting,  The  Art  of  Modern.     Makinson.     Crown  8vo  .        .       2s  6d 
Founders'  Manual.     Payne.     Crown  8vo.       .        .        .  .        .24s 

Fruit  Growing.     Douglass.     Large  Crown  8vo        .        .        .        .        .  7s  6s 

Gas  Engine,  A  Handbook  on  the.    Haeder  and  Huskisson.     4to      .  30s 
Gas  Engine  Handbook.     Roberts.     Crown  8vo      .       .        .        .      12s  6d 

Gas  Engineers'  Pocket-Book.     O'Connor.     Crown  8vo.       .       .     12s  6d 
Gas  Manufacture,  Chemistry  of.     Royle.     Demy  8vo  .       .       .       .16s 

Gas  and  Oil  Engine  Management.    Bale.     Crown  8vo         .       .       3s  6d 
Gasfitting  and  Appliances.     Briggs  and  Kenwood.     Crown  8vo         .      6s 
Geometry  of  Compasses.     Byrne.     Crown  8vo       .       .        .        .       3s  6d 

Geometry  for  Technical  Students.  Sprague.  Crown  8vo  ...  2s 
Gold  Extraction,  Cyanide  Process  of.  Eissler.  8vo  .  .  .  8s  6d 

Gold,  Metallurgy  of.     Eissler.     Medium  8vo 25s 

Gold  Mining  Machinery.  Tinney.  Medium  8vo  .  .  .  .  12s  6d 
Gold  Working  :  Jeweller's  Assistant.  Gee.  Crown  8vo  .  .  8s  6d 

Goldsmith's  Handbook.    Gee.     Crown  8vo 6s 

Granites  and  our  Granite  Industries.  Harris.  Crown  8vo.  .  .  3s 
Grazing.  The  Complete  Grazier,  and  Farmer's  and  Cattle  Breeder's 

Assistant.     Youatt,  Fream  and  Bear.     Royal  8vo       .        .        .   36s 
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Hand  Sketching    for    Mining    Students.     Lodge    and    Harwood. 

Oblong  Demy  4to 10s  6d 

Handybooks  for  Handicrafts.     Hasluck.     Crown  8vo. 

Metal  Turner's  Handybook Is  6d 

Wood  Turner's  Handybook Is  6d 

Watch  Jobber's  Handybook Is  6d 

Pattern  Maker's  Handybook Is  6d 

Mechanic's  Workshop  Handybook Is  6d 

Model  Engineer's  Handybook Is  6d 

Clock  Jobber's  Handybook Is  6d 

Cabinet  Worker's  Handybook Is  6d 

Woodworker's  Handybook Is  6d 

Heat,  Expansion  of  Structures  by.     Keily.     Crown  8vo  .       .4s 

History  :     Mediaeval     Heresy     and     the    Inquisition.      Turberville. 

Demy  8vo 10s  6d 

History:     The    Influence    of    the    French    Revolution    in    English 

History.     Brown.     Demy  8vo 8s  6d 

History  :  The  Wars  of  the  Roses,  1377-1471.    Mowat.     Demy  8vo    7s  6d 

Hoisting  Machinery.     Horner.     Crown  8vo 8s  6d 

Horticultural  Note-Book.  Newsham.  Fcap.  8vo  ...  .  7s  6d 
Hot  Water  and  Steam  Heating  and  Ventilation.  King.  Med.  8vo  .  21s 
House  Owner's  Estimator.  Simon.  Crown  8vo  .  .  .  .  .  4s 

House  Painting.     Davidson.     Crown  8vo 7s  6d 

House  Planning — How  to  Plan  a  House.    Samson.     Crown  8vo       .6s 

House  Property.     Tarbuck.     i2mo 7s  6d 

Houses,  Villas,  Cottages,  and  Bungalows  for  Britishers  and  Americans 

Abroad.     Samson.     Demy  8vo 7s  6d 

Hydraulic  Power  Engineering.  Croydon  Marks.  8vo  .  .  .  12s  6d 
Illuminating  and  Missal  Painting.  Whithard.  Crown  8vo  .  .  6s 
Illumination,  Art  of.  Delamotte.  Small  4 to  .  .  .  .  7s  6d 
Inflammable  Gas  and  Vapour  in  the  Air.  Clowes.  Crown  8vo  .  6s 

Interest  Calculator.     Campbell.     Crown  8vo 3s 

Internal  Combustion  Engines.  Carpenter.  Medium  8vo  .  .  .38s 
Inwood's  Tables  for  Purchasing  Estates.  Schooling.  Demy  8vo  .  9s 

Iron  and  Metal  Trades  Companion.     Downie 9s 

Iron  Ores  of  Great  Britain  and  Ireland.  Kendall.  Crown  8vo  .  18s 
Iron-Plate  Weight  Tables.  Burlinson  and  Simpson.  4to  .  .  .  25s 

Irrigation  (Pioneer).     Mawson.     Demy  8vo 12s  6d 

Jigs,  Tools  and  Fixtures  (Drawing  and  Design).   Gates.   Crown  8vo.   8s  6d 

Journalism.     Mackie.     Crown  8vo 2s  6d 

Labour    Disputes,  Conciliation  and  Arbitration  in.    Jeans. 

Crown  8vo 2s  6d 

Land  Valuer's  Assistant.  Hudson.  Royal  32mo  .  .  .  4s  6d 
Lathe  Design,  Construction,  and  Operation.  Perrigo.  Med.  8vo  .  18s 
Lathe  Work.  Hasluck.  Crown  8vo  .  .  .  New  Ed.  Nearly  Ready 
Law  :  Every  Man's  Own  Lawyer.  A.  Barrister.  Large  Crown  8vo  15s 
Lead,  Metallurgy  of.  Eissler.  Crown  8vo  .  15s 


All  Published  Prices  are  net. 
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Leather  Chemistry.     Harvey.     Demy  8vo 15s 

Leather  Manufacture.     Watt.     8vo 15s 

Letter  Fainting.  Badenock  and  Prior.  Crown  8vo  ....  2s 
Levelling,  Principles  and  Practice  of.  Simms.  8vo  ....  9s 
Lightning  Conductors,  Modern.  Hedges.  Medium  8vo  ...  8s 
Limes  and  Cements.  Dancaster.  Large  Crown  8vo  .  .  .  7s  6s 
Liquid  Fuels  for  Internal  Combustion  Engines.  Moore.  Demy  8vo  15s 
Lockwood's  Builder's  Price  Book.  Crown  8vo  .  .  Annually  7s  6d 
Locomotive  Engine.  Weatherburn.  Crown  8vo  .  .  .  .  3s  6d 
Locomotive  Engine  Development.  Stretton.  Crown  8vo  ...  5s 
Machine  Shop  Tools.  Van  Dervoort.  Medium  8vo  .  .  .  .28s 
Magnetos  for  Automobilists.  Bottone.  Crown  8vo  .  .  .  2s  6d 
Marble  and  Marble  Working.  Ren  wick.  Medium  8vo  16s 

Marble  Decoration.     Blagrove.     Crown  8vo 4s 

Marine  Engineer's  Guide.     Wannan  and  Lindsay.     Lge.  Crown  8vo. 
In  z  vols. 

Arithmetic New  Ed.  Preparing 

Elementarys,  Verbals,  and  Drawings  .  .  New  Ed.  Preparing 
Marine  Engineer's  Pocket-Book.  Wannan.  i8mo  .  .  .  7s  6d 
Marine  Engines  and  Boilers.  Bauer.  Medium  8vo  .  .  .  .25s 

Marine  Gas  Engines.     Clark.     Crown  8vo 10s  6d 

Marine  Steam  Turbines.     Bauer.     Medium  8vo     .       .       .       .     12s  6d 

Marine  Works.    Latham.     Demy  8vo 16s 

Masonry.     Purchase.     Royal  8vo 9s 

Masonry  Dams  from  Inception  to  Completion.  Courtney.  8vo  10s  6d 
Measures  (British  and  American).  Foley.  Folio  .  .  .  8s  6d 
Measuring  and  Valuing  Artificer's  Work.  Dobson  and  Tarn. 

Crown  8vo 8s  6d 

Mechanical    Engineering    Terms    (Lockwood's    Dictionary    of). 

Homer.     Crown  8vo 9s 

Mechanical  Engineer's  Pocket-Book.  Clark  and  Powles.  Small  8vo  7s  6d 
Mechanical  Handling  and  Storing  of  Material.  Zimmer.  Royal  8vo  63s 

Mechanics  Condensed.    Hughes.     Crown  8vo 2s  6d 

Mechanics  of  Air  Machinery.  Weisbach.  Royal  8vo ....  25s 
Mechanics'  Workshop  Companion.  Templeton  &  Hutton.  Fcp.  8vo  7s  6d 

Mensuration  and  Gauging.     Mant.     i8mo 4s 

Mercantile  Calculation  Tables.  Kirchner.  Demy  4 to.  .  Nearly  Ready 
Metal  Plate  Work  (Principles  and  Processes).  Barrett.  Crown  8vo  8s  6d 
Metal-Turning.  Homer.  Large  Crown  8vo  .  .  .  .  12s  6d 
Metals  and  their  Alloys.  Vickers  and  Brannt.  Royal  8vo .  Nearly  Ready 
Metrology,  Modern.  Jackson.  Large  Crown  8vo  .  .  .  12s  6d 
Military  Observation  Balloons.  Widmer.  Crown  8vo  .  .  .  16s 
Milk  and  Cream  Testing.  Thomson  and  Lowe  .  New  Ed.  Preparing 

Milling  Machines.     Horner.     Medium  8vo 15s 

Mine  Drainage.    Michell.     Royal  8vo 25s 

Mine    Rescue    Work    and    Organization.         Bulman    and    Mills. 

Demy  8vo 12s 

Mine  Wagon  and  its  Lubrication.     Pamely.    Medium  8vo  .       .       7s  6d 
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Mineral  Property,  The  Valuation  of.  O'Donahue.  Demy  8vo  8s  6d 
Minerals  and  Mining  (Earthy).  Davies.  Crown  8vo  .  .  .12s  6d 
Minerals  and  Mining  (Metalliferous).  Davies.  Large  Crown  8vo  12s  6d 
Miners  and  Metallurgists,  Pocket-Eook  for.  Power.  Fcap.  8vo  .  7s  6d 

Miner's  Handbook.     Milne.     Fcap.  8vo 7s  6d 

Mining,  British.     Hunt.     Super  Royal  8vo 42s 

Mining  Calculations.  O 'Donahue.  Crown  8vo  .  .  .  .  4s  6d 
Mining  Examination  Questions  (1,200),  Kerr.  Demy  8vo  .  2s  6d 
Mining,  Physics  and  Chemistry  of.  Byrom.  Crown  8vo  ...  6s 
Mining  :  Machinery  for  Metalliferous  Mines.  Davies.  Medium  8vo  25s 

Motor  Car  Catechism.     Knight.     Crown  8vo 8s  6d 

Motor  Car  Construction.  Brewer.  Demy  8vo  .  New  Ed.  Preparing 
Motor  Cycle  Overhauling.  Shepherd.  Crown  8vo  .  .  .  2s  6d 
Motor  Lorry  Design  Construction.  Schaefer.  Medium  8vo  .  .  18s 
Motor  Vehicles.  Fraser  and  Jones.  Medium  8vo  ....  16s 

Museum  of  Science  and  Art.     Lardner 21s 

Naval  Architect's  and  Shipbuilder's  Pocket-Book.     Mackrow  and 

Woollard.     Fcap.  8vo 16s 

Oils  and  Allied  Substances.     Wright.     Demy  8vo         New  Ed.  Preparing 
Oil-Field  Development  and  Petroleum  Mining.    Thompson         do. 
Oil  Palm  Cultivation.     Milligan.     Small  Crown  8vo      ....     3s 
Ore  Deposits  of  South  Africa.     Johnson. 

Part  II. — The  Witwatersrand  and  Pilgrimsrest  Goldfields  and 

Similar  Occurrences.     Demy  8vo 5s 

Packing-Case  Tables.     Richardson.     Oblong  4to 5s 

Painting  for  the  Imitation  of  Woods  and  Marbles.     Van  der  Burg. 

Royal  Folio New  Edition  Nearly  Ready 

Paints  :  Their  Chemistry  and  Technology.    Toch.     Royal  8vo  .       .   80s 

Paper  and  its  Uses.     Dawe.     Crown  8vo 8s  6d 

Paper-Making.     Clapperton.     Crown  8vo 7s  6d 

Paper-Making.     Watt.     Crown  8vo .       8s  6d 

Paper-Making,  Chapters  on.  Beadle.  5  vols.  Crown  8vo.  Per  vol.  6s 
Pastrycook  and  Confectioner's  Guide.  Wells.  Crown  8vo ...  2s 
Patent-Eights.  Hardingham.  Demy  8vo  .  .  New  Ed.  Preparing 

Pattern  Making.     Barrows.     Crown  8vo 14s 

Pattern  Making.     Horner.     Large  Crown  Svo 9s 

Petrol  Air  Gas.     O'Connor.     Crown  8vo 2s  6d 

Petroleum  and  its  Substitutes,  Chemistry  of.     Tinkler  and  Chal- 
lenger.    Medium  8vo    ..........    15s 

Petroleum,    Oil    Fields    of    Russia    and    the    Russian    Petroleum 

Industry.     Beeby  Thompson.     Royal  8vo 21s 

Pigments.     An  Artists'  Manual.     Standage.     Crown  8vo    ...      3s 

Plumbing.     Blake.     Crown  Svo In  Preparation 

Portland  Cement  Industry.  Brown.  Medium  8vo  New  Ed.  Preparing 
Portland  Cement,  The  Modern  Manufacture  of.  West.  Royal  Svo. 

In  2  volumes New  Ed.  Preparing 

Pot  Plant  Culture.     Davidson.     Crown  8vo 5s 

Poultry  Farming  :  Commercial.    Toovey.    Crown  Svo  .     .       .       .6s 


All  Published  Prices  are  net. 
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Producer  Gas  Practice  (American)  and  Industrial  Gas  Engineering. 

Latta.  Demy  4to 30s 

Propagation  and  Pruning.  Newsham.  Demy  8vo  .  .  .  7s  6d 
Prospecting.  Merritt.  Fcap.  8vo  .  .  .  ,  «  .  .  6s 

Prospecting  for  Gold.  Rankin.  Fcap.  8vo 7s  6d 

Prospector's  Handbook.  Anderson.  Small  Crown  8vo  .  .  .5s 

Pumps  and  Pumping.  Bale.  Crown  8vo 5s 

Punches,  Dies,  and  Tools.  Woodworth.  Medium  8vo  .  .  .28s 
Radio  and  High-Frequency  Currents.  Lamer.  Crown  8vo  Nearly  Ready 

Radiodynamics.  Miessner.  Crown  8vo 12s 

Radiotelegraphy,  Elements  of,  Stone.  Crown  8vo  .  .  .16s  6d 

Rating  and  Assessment.  Webb.  Demy  8vo 15s 

Receipts,  Formulas,  and  Processes.  Hiscox.  Medium  8vo  .  .  21s 
Recoil  of  Guns.  Rausenberger.  Translated  by  Slater.  Derny  Svo  12s  6d 
Refrigerating  and  Ice-Making  Pocket-Book.  Wallis-Tayler.  Cr.  Svo  5s 
Refrigeration,  Cold  Storage,  and  Ice-Making.  Wallis-Tayler.  Med.  Svo  15s 
Reinforced  Concrete  Design  Simplified.  Gammon  &  Dyson.  Crown  4to  15s 
Road  Construction  and  Maintenance.  Goldsmith.  Medium  Svo  .  21s 
Roads  :  The  Making  of  Highroads.  Carey.  Crown  Svo  .  .  3s  6d 

Roof  Carpentry.  Ceilings.  Crown  Svo 2s  6d 

Rothamsted  Experiments.  Tipper.  Crown  Svo  .  .  .  -  .  .4s 
Rubber  :  its  Cultivation  and  Preparation.  Johnson.  New  Ed.  Preparing 
Rubber  Hand  Stamps.  Sloane.  Square  Svo  .  .  .  .  7s  6d 
Rubber  Planter's  Note-Book.  Braham.  Fcap.  Svo  ....  5s 
Safe  Railway  Working.  Stretton.  Crown  Svo  .  .  .  .  4s  6d 

Safe  Use  of  Steam.  By  an  Engineer 6d 

Sailmaking.  Sadler.  410 12s  6d 

Sanitation,  Water  Supply,  and  Sewage  Disposal  of  Country  Houses. 

Gerhard.  Crown  Svo 15s 

Savouries  and  Sweets.  Miss  Allen.  Fcap.  Svo  .  .  .  .  Is  6d 

Saw  Mills.  Bale.  Crown  Svo 10s  6d 

Screw  Cutting  for  Engineers.  Pull.  Crown  8vo  .  .  .  .  2s  6d 
Screw  Threads.  Hasluck.  Waistcoat-pocket  size  ....  2s 
Sea  Terms,  Phrases,  and  Words.  Pirrie.  Fcap.  8vo  .  .  .  7s  6d 
Sewage,  Purification  of.  Barwise.  Demy  Svo  ....  12s  6d 
Sewerage  Hydraulics.  Coleman.  Demy  Svo  .  .  .  Nearly  Ready 
Sewerage  of  Sea  Coast  Towns.  Adams.  Demy  Svo  ....  6s 
Sewerage  Systems.  Watson  and  Herbert.  Royal  8vo  .  .  12s  6d 
Sheet  Metal  Worker's  Instructor.  Warn  and  Horner.  Crown  Svo  8s  6d 
Shipbuilding  Industry  of  Germany.  Felskowski.  Super  Royal  4to  10s  6d 
Silver.  The  Metallurgy  of.  Eissler.  Crown  Svo  .  .  .  .  12s  6d 

Slide  Rule.  Hoare.  Sm.  Crown  Svo 4s 

Smoley's  Tables — 1.  Logarithms  and  Squares 27s 

2.  Slopes  and  Rises 24s 

3.  Logarithmic-Trigonometric  Tables        ...    6s 
Soap :   Modern  Soap  and  Detergent  Industry.    Martin.    Royal  Svo 

Vol.  i Nearly  Ready 

Soap-Making.    Watt.     Crown  Svo 9s 


All  Published  Prices  aye  net. 
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Soap-Making  Manual.    Thomssen.     6"  x  4i"" 12s  6d 

Soaps,  Candles,  and  Glycerine.  Lamborn.  Medium  8vo  .  .  .54s 
Solubilities  of  Inorganic  and  Organic  Substances.  Seidell.  Med.  8vo  45s 
Spanish  Grammar  and  Reader.  Korth.  Fcap.  8vo  .  .  .  2s  6d 
Specifications  in  Detail.  Macey  and  Allen.  Royal  8vo  .  .  .  30s 
Specification,  A  Short.  Cubitt.  Oblong  Demy  4to  .  .  .  .  5ff 
Specifications  £or  Practical  Architecture.  Bartholomew.  Revised 

by  Rogers.     8vo 16s 

Stanley,  William  Ford  :  His  Life  and  Work.     Inwards.     Demy  8vo    2s  6d 

Stationary  Engines.     Hurst.     Crown  8vo 2s 

Steam  :    The  Application   of  Highly   Superheated   Steam  to   Loco- 
motives.    Garbe.     Edited  by  Robertson.     Medium  8vo      .        .      9s 
Steam  Engine.     Haeder  and  Powles.     Crown  8vo        .        .        .      10s  6d 

Steam  Engine.     Goodeve.     Crown  Svo 6s  6d 

Steam  Engine  (Portable).  Wansbrough.  Demy  8vo  .  .  .  .  6s 
Steam  Engineering  in  Theory  and  Practice.  Hiscox  and  Harrison. 

Medium  8vo 21s 

Steel  Research  Committee's  Report.     Fcap.  Folio         .       .       .31s  6d 

Steel  Thermal  Treatment.     Urquhart.     Medium  Svo 35s 

Steel :  Elliott's  Weights  of  Steel.  Medium  Svo  ....  £5  5s 
Stockowner's  Veterinary  Aid.  Archer.  Crown  Svo  .  .  .  7s  6d 
Stone  Quarrying — Practical.  Greenwell  and  Elsden.  Med.  Svo  .  15s 
Stone  Working  Machinery.  Bale.  Crown  Svo  .  .  .  .10s  6d 
Strains,  Handy  Book  for  the  Calculation  of.  Humber.  Crown  Svo  7s  6d 
Strains  on  Structures  of  Ironwork.  Shields.  Svo  ....  5s 
Streamline  Kite  Balloons.  Sumner.  Medium  Svo  .  .  .10s  6d 
Structural  Engineer's  Pocket  Book.  Andrews.  Crown  Svo. .  .  18s 
Submarine  Telegraphs.  Bright.  Super  Royal  Svo  .  .  .  £3  3s 

Submarine  Torpedo  Boat.     Hoar.     Crown  Svo 12s 

Superficial  Measurement.     Hawkings.     Crown  Svo 4s 

Survey  Practice.    Jackson.     Svo 12s  6d 

Surveying.     Whitelaw.     Demy  Svo 12s  6d 

Surveying  for  Settlers.  Crosley.  Small  Crown  Svo  ...  7s  6d 
Surveying  Sheets  for  Professional  and  Educational  Use.  Oblong 

Royal  Svo Is  6d 

Surveying,  Land  and  Marine.  Haskoll.  Large  Crown  Svo  .  .  9s 
Surveying,  Land  and  Mining.  Leston.  Large  Crown  Svo  .  .  9s 
Surveying,  Practical.  Usill  and  Leston.  Large  Crown  Svo  .  8s  6d 
Surveying  with  the  Tacheometer.  Kennedy.  Demy  Svo  .  .  12s  6d 
Surveyor's  Field  Book  for  Engineers  and  Mining  Surveyors. 

Haskoll.     Crown  Svo 12s  6d 

Tanning  Materials  &  Extract  Manufacture.  Harvey.  Demy  Svo  .  15s 
Tanning  (Practical).  Rogers  and  Flemming.  Medium  Svo  .  .  45s 
Tannins  (Synthetic).  Grasser  and  Enna.  Demy  Svo  .  .  .  12s 
Tea  Machinery  and  Tea  Factories.  Wallis-Tayler.  Medium  Svo  .  28s 
Technical  Guide,  Measurer,  and  Estimator.  Beaton.  Waistcoat- 
pocket  size 2s 

Technical      Terms  :      English-French,     French-English,      Fletcher. 

Waistcoat-pocket  size 2s 


All  Published  Prices  are  net. 
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Technical     Terms  :       English-German,      German-English.     Horner 

and  Holtzmann.     Waistcoat-pocket  size          .        .        .        .        3s  6d 
Technical   Terms  :   English-Spanish,   Spanish-English.     Monteverde. 

Waistcoat-pocket  size 3s 

Telephones  :     their    Construction,    Installation,    Wiring,    Operation, 

and  Maintenance.     Radcliffe  and  Gushing.     Fcap.  8vo       .       .     9s 
Telephones  :    Field    Telephones    and    Telegraphs    for    Army   Use. 

Stevens.     Crown  8vo 3s 

Timber  Merchant.     Richardson.     Fcap.  8vo 4s 

Timber  Merchant's  Companion.  Dowsing.  Crown  8vo  .  .  3s  6d 
Tools  for  Engineers  and  Woodworkers.  Horner.  Demy  8vo  .  10s  6d 
Toothed  Gearing.  Horner.  Crown  8vo  .  .  .  New  Ed.  Preparing 
Traverse  Tables.  Lintern.  Small  Crown  8vo  .  .  .  .  3s  6d 

Tropical  Agriculture.     Johnson.     Demy  8vo 5s 

Tunnelling.     Prelini  and  Hill.     Royal  Svo 18s 

Tunnelling,  Practical.    Simms  and  Clark.     Imp.  Svo  .       .       .       .21s 

Tunnel  Shafts.     Buck.     8vo 12s  6d 

Upholstering.     Bitmead.     Crown  8vo 2s  6d 

Urban  Traffic,  Principles  of.  Stone.  Crown  Svo  ....  3s  6d 
Valuation  of  Real  Property.  Webb  and  Hunnings.  Demy  Svo  8s  6d 
Valuation  of  Real  Property.  Lamputt.  Crown  Svo  .  .  .  2s  6d 
Valuation,  Tabular  Aids  to.  M'Caw  and  Lyons.  Crown  Svo  .  .  5s 

Vegetable  Culture.     Davidson.    Crown  Svo 4s  6d 

Wages  Tables.     Garbutt.     Square  Crown  Svo 6s 

Watchmaker's  Handbook.     Saunier.     Crown  Svo  .       .       .       .     12s  6d 

Watch  Repairing.     Garrard.     Crown  Svo 6s 

Water  Engineering.    Slagg.    Crown  8vo 7s  6d 

Water,  Flow  of.     Schmeer.     Medium  8vo 18s 

Water  Supplies.     Rideal.     Demy  Svo 8s  6d 

Water  Supply  of  Cities  and  Towns.  Humber.  Imp.  4to  .  .  £6  6s 
Water  Supply  (Rural).  Green  well  and  Curry.  Crown  Svo  .  .  6s 
Water  Supply  of  Towns  and  the  Construction  of  Waterworks, 

Burton.     Super  Royal  8vo 28s 

Weight  Calculator.     Harben.     Royal  Svo 25s 

Wire  Ropes  for  Hoisting.     Crown  4  to 20s 

Wireless  Telegraphy.  Erskine-Murray.  Demy  Svo  New  Ed.  Preparing 
Wireless  Telegraphy  (Framework  of).  Cadilhac.  Demy  Svo  .  4s  8d 
Wireless  Telephones.  J'  Erskine-Murray.  Cr.  Svo  New  Ed.  Nearly  Ready 

Wireless  Telephony.     Ruhmer.     Demy  Svo 10s  6d 

Wood,  The  Seasoning  of.    Wagner.     Royal  Svo 21s 

Wood-Carving  for  Amateurs.  By  a  Lady.  Crown  Svo  .  .  2s  6d 
Woodworking  Machinery.  Bale.  Large  Crown  Svo  .  .  .10s  6d 
Woodworking  Machinery  for  Small  Workshops,  Ball.  Cr.  Svo 

In  Preparation. 

Workshop  Practice,  Modern.  Pull.  Large  Crown  Svo  .  .  .16s 
Works'  Manager's  Handbook.  Hutton.  Medium  Svo  .  .  .18s 


All  Published  Prices  are  net. 
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PRACTICAL  HANDBOOKS  FOR  HOME  STUDY. 

Issued  by  THE  AMERICAN  TECHNICAL  SOCIETY. 

Agents:      CROSBY     LOCKWOOD     &     SON. 

NOTE. — The  Prices  herein  quoted  are  based  on  American  Prices 
and  therefore  subject  to  revision  without  notice. 

Air  Brake.    Ludy 7s  6d 

Alternating-Current  Machinery.    Esty 15s 

Architectural  Drawing  and  Lettering.    Bourne    ....          7s  6d 
Armature  Winding.    Moreton 10s 


Automobile  Construction  and  Repair.    Hall . 
Automobile  Ignition,  Starting  and  Lighting.    Hay  ward 

Bank  Bookkeeping.    Sweetland 

Blueprint  Reading.     Fairfield  and  Kenison  . 
Bridge  Engineering — Roof  Trusses.    Dufour 
Building  and  Flying  an  Aeroplane.    Hayward 


15s 
£2 

7s  6d 
10s 
15s 
5s 


Building  Code.    Fitzpatrick 7s  6d 

Building  Superintendence.    Nichols 10s 

Building  Superintendence  for  Reinforced  Concrete  Structures.  Post  7s  6d 
Building  Superintendence  for  Steel  Structures.  Belden  .  .  7s  6d 
Business  English  and  Correspondence.  Barrett  ....  7s  6d 

Carpentry.    Townsend 7s  6d 

Civil  Engineering  Specifications  and  Contracts.    Ashbridge       .       .     10s 

Commercial  Law.    Chamberlain 10s 

Compressed  Air.    Wightman 7s  6d 

Contracts  and  Specifications.    Nichols 7s  6d 

Corporation  Accounts  and  Voucher  System.  Griffith  ....  5s 
Corporation  Law.  Abbott,  Springer,  and  Gilmore  ....  15s 

Cotton  Spinning.    Hedrick 12s  6d 

Dams  and  Weirs.    Bligh 10s 

Descriptive  Astronomy.    Moulton 10s 

Electric  Railways.    Craveth 7s  6d 

Electric  Lighting.     Harrison 10s 

Electric  and  Gas  Welding.    Cravens 7s  6d 

Electrochemistry  and  Metallurgy.    Burgess 7s  6d 

lectrochemistry  and  Welding.    Burgess 10s 

ements  of  Electricity.    Millikan   ........         7s  6d 

Elevators.    Jallings '.       .       .       .        12s  6d 

Estimating.    Nichols 7s  6d 

Fire  Insurance  Law.    Hardy 10s 

Fireproof  Construction.    Fitzpatrick 12s  6d 

Ford  Car.    Bayston 10s 

Forging.    Jernberg 7s  6d 

Foundry  Work.    Gray 10s 

Freehand  and  Perspective  Drawing.    Everett 5s 

Gas  and  Oil  Engines  and  Gas  Producers.    Marks       .     .  .       .        12s  6d 

Gasoline  Automobile.    Lougheed 7s  6d 

Gasoline  Tractors.     Hayward 7s  6d 

Getting  a  Good  Job.    Barrett 5s 


All  Published  Prices  are  net. 


14    List  of  Books  published  by  Crosby  Lockwood  and  Son 

Heating  and  Ventilation.    Hubbard 10s 

Hydraulic  Engineering.    Turneaure  and  Black 15s 

Interior  Electric  Wiring.    Nelson 12s  6d 

Locomotive  Boilers  and  Engines.    Ludy 7s  6d 

Machine  Design.    Wallace 10s 

Machine  Drawing.     Griffin  and  Adams 10s 

Machine-Shop  Work.    Turner  and  Perrigo 12s  6d 

Mechanical  Drawing.     Kenison 5s 

Meter  Testing  and  Electrical  Measurements.    Bushnell  and  Turnbull   7s  6d 

Modern  American  Homes.    Von  Hoist 10s 

Modern  Land  and  Submarine  Telegraphy.    Macomber       ...       5s 

Modern  Radio  Practice.     Hayward 10s 

Modern  Eoad  Construction.    Byrne 7s  6d 

Orders  of  Architecture.    Bourne,  Brown  and  Hoist  ....      15s 

Oxy-Acetylene  Welding  Practice.     Kell 5s 

Pattern  Making.     Ritchey  and  Monroe 7s  6d 

Plumbing.    Gray  and  Ball 7s  6d 

Portfolio  of  the  Orders.    Bourne,  Brown,  and  Hoist         .       .       .10s 

Power  Stations  and  Transmissions.    Shaad .     10s 

Practical  Aviation.    Chas.  B.  Hayward .15s 

Practical  Bookkeeping.    Griffith 7s  6d 

Practical  Mathematics.    Nobbs  and  Waite 7s  6d 

Railroad  Engineering.    Webb 15s 

Real  Property  Law.     Kales 12s  6d 

Refrigeration.    Arrowood 10s 

Reinforced  Concrete.    Webb  and  Gibson 10s 

Sewers  and  Drains.    Marston  and  Fleming 7s  6d 

Sheet  Metal  Work.    Neubecker 10s 

Small  Motors,  Transformers  and  Electromagnets  ....        12s  6d 

Stair  Building  and  Steel  Square.    Hodgson 5s 

Standard  Legal  Forms.    Lee     .       . 10s 

Steam  Boilers,  Care  and  Operation.    Kuss 7s  Gd 

Steam  Boilers,  Construction  and  Design.     Kuss  ....         7s  6d 

Steam  Engines.    Ludy .     10s 

Steam  Engine  Indicators  and  Valve  Gears.    Ludy      ....         7s  6d 

Steam  Turbines.    Leland  .  7s  6d 

Steel  Construction.    Burt  .  ......        12s  6d 

Storage  Batteries.    Crocker  and  Arendt 7s  6d 

Strength  of  Materials.    Maurer 7s  6d 

Structural  Drafting.    Dufour    . 


Surveying.    Finch 
.Switchboards.    Adams 
Telephony.    Miller  and  M'Meen 
Tool  and  Die  Design  for  Beginners 
Tool  Making.    Markham  . 
Trigonometry,  Plane.    McCarty 


10s 

7s  6d 

.       .       .       .          £1  8s 
Shailor       ....          7s  6d 

10s 

5s 


Underwriters'  Requirements  or  Safe  Electrical  Installations.    Pierce  7s  6d 

Vocational  Guidance.     McKinney-Simons 10s 

Wireless  :  How  to  Become  a  Wireless  Operator.    Hayward     .       .     10s 

All  Published  Prices  are  net. 


A    SELECTED    LIST    OF 

WEALE'S  SCIENTIFIC  AND  TECHNICAL  SERIES. 

Arranged  according  to  Subjects.    AH  these  Prices  are  net 


Acoustics,  Smith  (116)  .  .  .2/6 
Agricultural  Surveying,  Scott  (245).  2/6 
Animal  Physics,  Lardner — 

Part  I  (183) 4/6 

Part  II  (184)     3/6 

Arches,  Piers,  &c..  Bland  (in).        .      2/- 

Architecture,  Ancient  (128,  130)        .      6/- 

Design,  Garbett  (18)          .        .        .      3/- 

Grecian,  Aberdeen  (130)  .        .        .1/6 

of  Vitruvius,  Gwilt  (128)         .        .      5/- 

Orders,  Leeds  (16)     .        .        .        .2/6 

Orders  and  Styles  (16,  17)      .        .      5/- 

Styles,  Bury  (17)      .       .        .       .2/6 

Architectural  Modelling,  Richardson 

(127) 2/- 

Arithmetic,  Young  (84)        .        .        .      3/- 
Do.  do     Key  (84*)    .        .     2/6 

Equational,  Hipsley  (58)        .        .      2/- 
Blasting   and    Quarrying,   Burgoyne 

(35) 2/- 

Boilermakers'     Assistant,     Courtney 

(211) 3/- 

Ready  Reckoner,  Courtney  (254)  .  6/- 
Bookkeeping  (83)  .  .  .  .1/6 
for  Farmers,  Woodman  (266)  .  3/- 
Boot  and  Shoe  Making,  Leno  (262)  .  3/- 
Brass  Founding,  Graham  (162)  .  .  3/6 
Brick-Cutting  &  Setting,  Hammond 

(265) 2/6 

Bricklaying,  Hammond  (189)     .       .     2/6 
Brickwork,  Walker  (252)     .        .        .2/6 
Bridges  (Iron),  Pendred  (260)     .        .2/61 
(Tubular  and  Girder),  Dempsey  (43)     2/6    | 
Building,  Beckett  (206)         .        .        -5/6 
Estates,  Maitland  (247)  .        .        .2/6 
Science  of,  Tarn  (267)  .      4/ 

Calculus,     Differential,      Woolhouse 

(101) 2/- 

Carpentry    and    Joinery,    Tredgold, 

Plates,  410  (182*).  .  .  .7/6 
Cattle,  Sheep,  &  Horses,  Burn  (142) .  3/6 
Cements,  Pastes,  Glues,  Standage  (276)  3/6 
Circular  Work  in  Carpentry,  Callings 

(258) 3/6 

Coach-Building,  Burgess  (224)  .  .  3/6 
Coal  Mining,  Smyth  (180)  .  .  .  4/- 
Colouring,  Grammar  of,  Field  (186)  .  3/6 
Compound  Interest  and  Annuities. 

Thoman  (196)        .        .        .        .4/6 

Cottage  Building,  Allen  (42)      .       .     2/6 

Gardening,  Hobday  (232)        .        .      2/- 

Dairy,  Pigs  and  Poultry,  Burn  (145)     2/6 

Decoration,       Elementary      House, 

Facey  (229) 2/6 


Decoration,     Practical      House, 

Faccy  (257) 3/6 

Drainage  of  Lands,  Dempsey  (268)  .  4/6 
Draining  &  Embanking,  Scott  (239)  2/- 
Drawing  and  Measuring  Instru- 
ments, Heather  (168)  .  .  .  3/- 
Dwelling  Houses,  Brooks  (132)  .  .  3/- 
Electric  Lighting,  Swinton  (282)  .  a/- 
Farm Roads  and  Fences,  Scott 

(241) 2/6 

Farming  Economy,  Burn  (141)         .  3/6 
Foundations,  &c.,  Dobson  (44)  .        .  a/- 
French Polishing,  Bitmead  (281)        .  2/6 
Fruit  Trees,  Du  Brcuil  (177)      .        .  4/6 
Garden  'Receipts,  Quin  (233)     .        .  2/- 
Gas  Works,  £fogA0s  6-  O'Connor  (212)  6/6 
Geology,  Historical,  Tate  (173)  .        .  2/6 
Physical,  Tate  (174).        .        .        .  2/- 
Geometry,  Descriptive,  Heather   (76)  2/6 
Plane,  Heather  (178)        .        .        .  2/- 
Graf ting  and  Budding,  Ballet  (231)  .  3/6 
Hall-Marking  of  Jewellery,  Gee  (249)  3/6 
Handrailing    and    Staircasing,    Col- 
lings  (230) 3/6 

Health,  Management  of,  Baird  (112*)  1/6 

House  Book  (112,  112*,  194)      .        .  6/- 

Decoration,  Facey  (229,  257)          .  6/- 

Manager  (194) 3/6 

Human  Understanding,  Locke  (153) .  2/- 
Irrigation  and  Water  Supply,  Scott 

(240) 2/6 

Joints    Used     by    Builders,    Christy 

(226) 3/6 

Kitchen  Gardening,  Glenny  (201)      .  3/- 

Land,  Ready  Reckoner,  Arman(6i)  .  3)- 
Landed  Estates  Management,  Burn 

(208) 3/- 

Light,  Jam  (269) 2/- 

Locomotive    Engine    Driving,    Rey- 
nolds (255) 5/- 

Engineer,  Model,  Reynolds  (278)    .  5;- 

Logarithms.  Law  (204*)      .        .        .  4/- 

Logic,  Emmens  (150)   .        .        .        .  2/- 

Machinery,  Details  of,  Campin  (236)  3/6 
Marine     Engineering      Elementary, 

Brewer  (275)   •               .        .        .  3/- 

Masonry  and  Stone-Cutting  (25)        .  3/- 

Masting  and  Rigging,  Kipping  (54)  .  3/- 
Materials    &    Construction,    Campin 

(216) 3/6 

Mathematical   Instruments,   Heather 

(168-9-70) 7/6 

Mathematical     Tables,     Law     and 

Young  (204) 5/. 
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Mathematics,  Campin  (227)  .  . 
Measures,  Weights,  and  Moneys, 

Woolhouse  (221)  .  .  .  . 
Meat  Production,  Ewart  (250)  .  . 
Mechanical  Engineering,  Campin 

(223)       ...... 

Medicine,  Domestic,  Gooding  (112)  . 
Mensuration  and  Measuring,  Baker 

(93)  ....... 

Mineral  Surveyors'  Guide,  Lintern 


(195) 
To 


Miuing  Tools,  Morgans  (172)      .        . 

Morgans,  Plates,  4to  (172*)   .        . 

Music,  Spencer  (69)      .... 

Natural  Philosophy,  Tomlinson  (2)  . 

Navigation  &  Nautical  Astronomy, 

Young  (99)    ..... 

Greenwood  and  Rosser  (55)  .  . 
Optical  Instruments,  Heather  (169)  . 
Organ  Building,  Dickson  (235)  .  . 
Painting,  Fine  Art,  Gullick  and 
Timbs  (181)  ..... 
Perspective,  Pyne  (20)  .  .  . 
Pianoforte,  Spencer  (71)  .  .  . 
Pioneer  Engineering,  Dobson  (213)  . 
Plastering,  Kemp  (273) 
Pneumatics,  Tomlinson  (12)  .  . 
Portland  Cement,  Fat/a  (248)  .  . 


3/6   i    Quantities  &  Measurements,  Beaton 

(156) 2/- 

3/-    I    Roads  and  Streets,  Law,  Clark,  and 

3/-  Tayler  (197) 6/6 

Sailmaking,  Kipping  (149)          .        .  3/6 

3/6       Sanitary  Work,  Slagg  (203)        .        .  3/6 

2/-       Sewage,  Irrigation,  &c.,  Burn  (146).  3/- 

Sheet-Metdl  Workers'  Guide,  Crane 

2/6  (238) 2/6 

Shoring,  Blagrove  (261)        .        .        .  zj- 

4/-   j    Silversmiths'  Handbook,  Gee  (225)    .  5/- 
3/1      Slate  and  Slate  Quarrying,    Davies 
5/-                (214)        •        .  '    •        •        .        .3/6 

2/6       Smithy  and  Forge,  Crane  (237).       .  3/6 

2/-    I    Soils,  Manures,  and  Crops,  Burn  (140)  $/- 
j    Stationary  Engine  Driving,  Reynolds 

3/-    I  (256) 51- 

3/-       Steam  Engine,  Lardner  (34)        .        .  2/- 

3/-       Surveying,  Baker  and  Dixon  (60)      .  3,' 

3/6  Instruments,  Heather  (170)  .         .  3/- 

Subterraneous,  Fenwick  (117)        .  3/- 
5/6       Tree  Planter  and  Propagator,  Wood 

2/6  (209) 3/- 

1/6       Pruner,  H^ood  (210)  .        .       .  2/6 

5/-       Ventilation    of     Buildings,    Buchan 

3/  (271) 4/- 

2/-    t    Water,  Power  of,  Glynn  (82)      .        .  2/6 

3/6    i    Well  Sinking,  Swindell  &•  Burnell(3i)  3/6 


WEALE'S    EDUCATIONAL    SERIES. 


English  Grammar,  Clarke  (n)   .  .     2/- 

Greek  Grammar,  Hamilton  (14).  .     2/- 
Lexicon,  Hamilton — 

Greek  and  English  (15)   .       .  .     3/- 

English  and  Greek  (17)   .        .  .2/6 

Complete  in  i  vol 6/- 

Latin  Grammar,  Goodwin  (19)    .  .     2/- 
Dictionary,  Goodwin — 

Latin  and  English  (20)    .        .  .     2/6 

English  and  Latin  (22)    .        .  .     2/- 

Complete  in  i  vol.    ...  5/- 

Italian  Grammar,  Elwes  (27)      .  2/- 
Triglot  Dictionary,  Elwes,  English 

French-Italian  (30)       .       .  3,'- 

French-Italian-English  (32)     .  3/- 

Spanish  Grammar,  Elwes  (34)    .  2/6 

Dictionary,  Elwes  (35)     .       .  8/6 


French  Grammar,  Strauss  (24)  .        .  zj- 

German  Reader,  Strauss  (40)      .        .  i/- 
Hebrew  Dictionary,  Bresslau — 

Hebrew  and  English  (44)        .        .  7/6. 

English  and  Hebrew  (46)        .        .  3/6 

Hebrew  Grammar,  Bresslau  (46*)     .  2/'- 
French   and   English    Phrase  Book 

(47) i/6 

Composition  and  Punctuation,  Bre- 

nan  (48) zi- 

Derivative    English    Spelling,    Row- 

botham  (49) 2/- 

Extempore  Speaking,  Bautain  (51)    .  3/- 

Portuguese  Grammar,  Elwes  (55)      .  2/6 
Dictionary,  Elwes  (56)     .        .        .8/6 
Cassar's  Commentaries  on  the  Gallic 

War,  Young 2/6 
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